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PREFACE. ^^^^ 1. _4 

IN ventttring to offer to the public, and more p«rticul«rly 
to the female sex, an Introduction to Chemistry, the author, 
herself a woman, conceives that some explanation may be re- 
quired ; and she feels it the more necessary to apolo^se for 
the present undertaking, as her knowledge of the subject is 
but recent, and as she can have no real claims to the title of 
chemist 

On attending for the first time, experimental lectures, the 
author found it almost impossible to derive any dear or satis- 
factory information from the rapid demonstrations which are 
usually, and perhaps necessarily crowded into popular courses 
of this kind. But frequent opportunities having afterwards 
occurred of conversing with a friend on the subject of chem- 
istry, and of repeating a variety of experiments, she became 
better acquainted with the principles of that science, and be- 
gan to feel highly interested in its pursuit. It was then that she 
perceived, in attending the excellent lectures delivered at the 
Royal Institution, bj^ the present Professor of Chemistry, the 
preat advanta^ which her previous knowledge of the sub- 
ject, slight as It was, gave her over others who had not enjoyed 
the same means of private instruction. Every fact or experi* » 
went, attracted her attention, and served to explain some the- 
ory to which she was not a total strangle; and she had the 
Ratification to find that the numerous and elegant illustra- 
tions, for which that school is so much distinguised, seldom 
faded to produce on her mind the effect for which they were 
mtended.. 

Hence it was natural to infer, that familiar conversation 
was, in studies of this kind, a most usefidiauxiliary source of 
infonnation ; and more especially to the female sex, ^hose 
educattion is seldom calculated to prepare their minds for ab- 
stract ideas, or scientific language. 

As, however, there are but few women who have access to 
this mode of instruction ; and as the author was not acquunt- 
ed with any book that could prove a siibstitnte for it, she 
thought that it might be useful for begittners, as well as satis- 
factory to herself^ to trace the steps by which she had acqui- 
red her little stock of chemical knowledge, and to record in 
the form of dialogue, those ideas which she had first derived 
from convei*sation. 

But to do this with sufficient method, and to fix upon a mode 
of arrangement, was an object of some difficulty. Afler mudi 
hesitation, and a degree of embarrassment, which, probably, 
the most competent chemical writers taswe often felt in com- 
mon with the most superficial, a mode of division was adopt- 
ed, which, though the most natural, does not always admit of 
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being strictly pursued— it is that of treating first of the sim* 
plest bodies, and then gradually rising to uie most intricate 
compounds. 

It is notthe author's intention to enter into a minute vindi- 
cation of this plan. But, whateTier may be its advantages or 
inconveniences, the method adopted m this work is such, that 
a young pupil, who should occasionally recur to it, with a view 
to procure information on particular subjects, mi^t^ten find 
it obscure or unintelligible ; for its various parts are so con- 
nected with each other as to form an uninterrupted chain of 
facts and reasonings, which will appear sufficiently clear and 
consistent to those only who may have patience to go through 
the wh<^e work, or have previously devoted some attention 
to the subject. 

It will, no doubt, be observed, that in the course of these 
conversations, remarks are oflen introduced, which appear 
much too acute for the young pupils, by whom they are suppo- 
sed to be made. Of this fault the author is fully aware. But 
in order to avoid it, it would have been necessary either to 
omit a variety of useful illustrations, or to subnut to such mi- 
nute explanations and frequent repetitions, as would have ren- 
dered the work much less suited to its purpose. 

In writing these pages, the author was more than once 
checked in her progress by the apprehension, that such an at- 
* tempt might be considered by some, either as unsuited to the 
ordinary pursuits of her sex, eriU justified by her own recent 
and imperfect knowledge of the subject. But, on the one 
hand, she felt encouraged by the establishment of those pub- 
lic institutions, open to both ^exes, for the dissemination of 
philosophical knowledge, whi^h clearly prove, that the gen- 
eral Opinion no longer excluded women fi*oman acquaintance 
with the elements of science ; jand, on the other, sne flatter- 
ed herself, that whilst the impressions made upon her mind, 
by the wonders of Nature studied in this new point of view, 
were still fresh and strong, she might perhaps succeed the 
better in communicating to others the sentiments she herself 
experienced. 

It will be observed, that, from the beginning of the work it 
is taken for granted, that the reader has previously acquired 
some slight knowledge of natural philosophy, a circumstance, 
indeed, which appears very desirable. The author's original 
intention was to commence this work by a small tract, ex- 
plaining, on a plan analogous to this, the most essential rudi- 
ments of that science. This idea she has since abandoned i 
but the manuscript was ready, and might perhaps have been 
printed at some future period, had not an elementary work of 
a similar description, under the title of ** Scientific Dia- 
Ic^es," been lately pointed out to her, which, on a rapid pe- 
rusal, she thought very ingenious, and well calculated to an* 
awer its intended object. 
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ConbetjBtation l 

On the General Principles of Chemistry. 



Mm. B. 

HAVING now acquired some elementaiy notions of 
Natural Philosopht, I ain going to pn^xMse to you 
another branch of science to which I am particularif 
anxious that you should devote a share of your atten- 
tion. This is/t3HEHiSTRY«J^ which, is so closely con- 
nected with Natural Philosophy, tliat the study of the 
one must be incomplete without some knowledge of 
the other ; for it is obvious that we can derive but a 
very imperfect idea of bodies from the ^tudy of the 
genel^ laws by which they are governed^ if we remain 
totaUy ignorant of their intimate nature^ 

CaroKTie. To confess the truth, Mrs. B. Ji am not 
disposed to form a very favourable idea of Chemistry, 
nor do I expect to derive much entertednment from 
it. I prefer those sciences that exhibit nature on a 
grand scale, to those which are confined to the mi- 
nutiae of petty details. Can itie studies which we have 
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lately pursued, the general properties of -matter, or 
the revolutions of the heavenly bodies, be compared to 
the mixing up of a few insignificant drugs ? 

Mrs, B, I rather imagine that your want of taste 
for chenaistry proceeds from the very limited idea you 
entertain of its object. You confine the chemist's lab- 
oratory to the narrow precincts of the apothecary's 
shop, whilst it is subservient to an immense variety of 
other useful purposes* Besides, my dear, cheinistry 
is by no means confined to woil^s of art. Nature also 
has her laboratory, which is the universe, and there 
she is incessantly employed in chemical operations. 
You are surprised, Caroline ; but I assure you that the 
most wonderful and the most interesting phenomena 
of nature are almost all of them produced by chemical 
powei-s. Without entering therefore into the minute 
details of practical chemistry, a woman may obtain 
such a knowledge of the science, as will not only throw 
an interest on the common occurrences of life, but will 
enlarge the sphere ofhar ideas, and render the » con- 
templation of Nature a source of delightful Instruct- 
ion. 

Caroline, If this is the case, I have certainly been 
much mistaken in the notion I had formed of chefnistry. 
I own that I thought it was chiefly confined to the 
knowledge and preparation of medicines. 

Mrs, -5./ That is only a- branch of chemistry, which 
is called Pharmacy '?and though the study of it is cer- 
tainly of great impbrtaij>,e to the world at large, it 
properly belongs to professional meUf and is therefore 
the last that I should advise you to study. 

Emly, But did not the chemists formerly employ 
themselves in search of the Philosopher's Stone, Q^the 
secret of making gold ? 

Mrs, B* t These were a particular set of misguided 
philosophers, who dignified themselves with the name 
of Alchymists, to distinguish their pursuits from those 
of the common chemists, whose studies were confined 
to the knowledge of medicines^ 

But, since that period, (chemistry^has undergone so 
complete a revolution, that, from an obscure and tnys- 
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light) independent of heat, is so imperfectly knowiif 
that we haTe little more than conjectures respecting it, J 

Endly. But is it poss3}le to separate light frcMOi heat ; 
I thought that they were only fififerent degrees of the 
same thing ? 

Mrs, B.^thty are certainly very intimately '•'^•nnect- 
ed ; yet it appears they are distinct substance t>^ ** they 
can, under certain circumstanoes, be in a gF^at mea« 
sure separated ; the most striking instance of this was 
pcunted out by Dr. Herschel. 

This philosopher discovered that heat was less re- 
frangible thsui light ; for in separating the different 
coloured rays of light by a prism (as we did some time 
ago), he foutid that the greatest heat was beyond the 
spectrum, at a tittle distance &om the red rays, which 
you may recollect are the least refrangible. 

Emily, I should like to try that experiment. 

Mrs. B. It is by no means an easy one : the heat of 
a ray of lights refracted by a prism, is so small that it 
requires a very delicate thermometer to distinguish the 
difference of the degree of heat within and without the 
spectrum. For in this experiment the heat is not to- 
tally separated from the light, each coloured ray re« 
taining a' certain portion of it, though the greatest 
partis not sitBi<5ently refracted to fall within the spec- 
trum. 

Ermly. \ suppose, then, that those coloured rays 
which afe the least refrangible, retain the greatest 
quantity of heat ? 

Mrs, B, They do so. 

Caroline, Perhaps the different degrees of heat which 
the seven rays possess, may in some unknown manned 
occasion their variety of colour. I have heard that 
melted metals change colour according to the different 
degrees of heat to which they are exposed ; might not 
the colours of the spectrum be produced by a cause of 
the same kind ? Do let us try if we cannot ascertain 
this, Mrs. B ? I should like extremely to make some dis- 
covery in chemistry. 

Mrs, B. Had we not better learn first what is already , 
known ? Surely you cannot seriously imagine that, be- '- 
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lore you have acquired a single dear idea on chetnistry, 
you can have any chance of discovering' seCrets that 
have eluded the penetration of those who have spent 
their whole lives in the study of that science. 

Caroline. Not much, to be sure, in the regular 
course of events ; but a lucky chance sometiAies hap- 
pens, j^d not a child lead the way to the discovery of 
telescopes ? 

^ Mrs. B, There are certainly a few instances of this 
kind. But believe me, it is infinitely wiser to follow 
up a pursuit regularly, than to trust to chance for your 
success. 

£jmly. But to return to our subject. Though T no 
longer doubt that light and heat can be separated, Dr. 
Herschel's experiment does not appear to me to afford 
sufficient proof that they are essentially different ; for 
light, which you call a simple body, may likewise be 
divided into the various coloured rays ; is it not there* 
fore possible that heat may only be a modification of 
light ? 

Mrs. B. That is a suppodtion which, in the pre- 
sent state of natural philosophy, can neither be poid- 
tively affirmed nor denied : it is generally thought that 
light and heat ai« connected with each other as cause 
and effect, but which is the cause, and which the effect, 
it is extremely difficult tp determine. But it would be 
useless to detain you any longer on this intricate sub- 
ject. Let us now pass on to that of ^eat, with which 
we are much better acquainted. 

CaroUne. Heat is not, I believe, amK)ngst the num- 
ber of the simple bodies ? 

Mrs. B. /Yes, it is ; but under another name— -that 
of CALORIC, which is nothing more than the principle, 
or matter of heat.— ^ We suppose caloric to be a very 
subtile fluid, originally derived from the sun, and com- 
posed of very minute particles, constantly in agitation, 
and moving in a manner similar to light, as long as they 
meet with no obstacle^ ^^t when these rays come in 
contact with the earth, and the various bodies belong- 
ing to it, part of them are reflected from their surfaces 
according to' certain laws, and part enters into them. 
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Cdro&ne. These nifs of heat, or caloric, proceed- 
ings from the same source, and following the same di- 
rection, as the rays of iight, bear a very strong resem* 
blance to them. 

Mra, B. So much so that it often requires great at« 
tention not to coiifound them. 

Endly, I think there is no danger of that, if we re- 
collect one great distinction— --light is visible, and calor« 
ic is not. 

Mrs, B, Very right./ tJght affects the sense of 
Sight ; Caloric that oiFeelit}g : the one produces Vision^ 
the other the peculiar sensation of Hear, 

Caloric is found to exist in a variety of forms, and 

to be susceptible of certain modifications, ail of whicii 

may be compreheiided under the four following heads : 

1. FREE CALORIC. 
' 2. SPECIFIC HEAT. 
' ' 3. LATENT HEAT. 

4. CHEMICAL HEAT. * 

The first, or free caloric, is aho called heat of 
TEMPERATURE J it Comprehends all heat which is per- 
ceptible to the senses, and affects the thermometer^ 

Emily. You mean such as the heat of the sun, of 
fire, of candles, of stoves ; in short of every thing that 
bums ? 

Mrs. B. And likewise of things that do not bum, 
as for instance, the warmth of the body ; in a word, all 
beat that \& sensible^ whatever may be its degree, or the 
source from which it is derived. 

Caroline. What then are the other modifications of 
caloric ? It must be a strange kind of heat that cannot 
be perceived by our senses ? 

Mrs. B.' None of the modifications of caloric should 
properly be called heat ; for heat, strictly speaking, is 
the sensation, produced by caloric, on animated bodies, 
and this word therefore should be confined to express 
the sensation. But custom hail adapted it likewise to 
inanimate matter, and we say the heat of an crven^ the 
heat of the suny without any reference to the sensation 
which they are capable of exciting. 

C 
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^ It was in order to avoid the confusion which arose 

[ from thus confounding the cause and effect, that mod- 

^ em chemists adopted the new word Caloric^ to express 

the principle which pixxluces heat ; but they do not 
yet limit the word heat (as they should do) to the ex- 
pression of the sensation, since they still retain the hab- 
it of connecting tliis word with the three other modif|«* 
cations of caloric. . 

Caroline. But you have not yet explained to us what 
h these other modifications oFjcaloric are. 

Mrs, B. Because you are not yet acquainted with 
the properties, of free caloric, and you know we have 
agreed to proceed with regularity. 

/One of the most remarkable properties of free calor- 
ic isiits power of dilating bodies. This fluid is so ex- 
tremely subtile, that it enters and pervades all bodies 
whatever, forces itself between their particles, and not 
only separates them, but, by its repulsive power, drives 
them asui^er, frequently to a considerable distance 
from each other^ It is thus that caloric dilates or ex- 
pands a body so as to make it occupy a greatei' space 
tl^ it did before. 

JUmily. The effect of caloric on bodies therefore, is 
directly contmiy to that of the attraction of cohesion ; 
the one draws the particles together, the other drives 
. them asunder. . . 

Mrs. B. Precisely. There is a kind of continual 
warfare between the attraction of aggregation and the 
repulsive power ot calorie ; and from the action of 
• these two opposite forces, result all the various forms 

of matter, or degrees of consistence, from the solid, 
to the liquid and aeiiform state. And accordingly, we 
fmd that most bodies are capable of passing from one 
of these forms to the other, merely in consequence of 
their receiving different quantities of caloric. 

CaroBne, This is very curious ; but I think I under- 
stand the reason of it.^If a great quantity of caloric is 
added to a solid body, it introduces itself between the 
particles in such a manner as to overcome in a consid- 
erable degree, the attraction of cohesion ; and the body 
from a soUd, is then converted into a j!uid«. 1 
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Mrs, B. This is the case whenever a body is melt- 
ed ; butif you add caloric to a liquid, can you tell me 
what is the consequence ? 

Caroline ^Th& caloric forces itself in greater abun<* 
dance between the particles of the fluid, and drives 
them to such a distance from each other, that their 
attraction of aggregation is wholly destroyed ; the li- 
quid is then transformed into vapour, y 

Mra.B^ Very, well ; and this is precisely the case 
with boiling water, when it is converted into steam or 
vapour. 

But each of these various states, solid, liquid, and 
aeriform, admit of many different degrees of density, 
or consistence, still arising (partly at least) from the 
<£fferent quantities of caloric tlie bo£es contain. Solids 
are of various degrees of density, from that of gold, 
to that of a thin jelly. liqiuds, from the consistence 
of melted glue, or melted metals, to that of ether, 
which is the lightest of all liquids. The different elas- 
tic fluids (with which you are not acquainted) admit of 
no less variety in their degrees of density. 

£rmiy. But does not every individual body also ad- 
mit of different degrees oi consistence, without chang- 
ing its state ? 

iWr«, B, . Undoubtedly ; and Jhis I can immediately 
show you by a very simple expfewment. This piece 
of iron now exactly fits the frame or ring, made to re- 
ceive it, but if heated red hot, it will no longer do so, 
for its dimensions will be so much increased by the 
caloric that has penetrated into it, that it will be much 
too large for the frame. 

The iron is now red hot ; by applying it to the frame» 
we shall see how much it is dilated. 

Endhf* Considerably so indeed ! I knew that heat 
had this effect on bodies, but I did not imagine that it 
could be made so conspicuous. 

Mra, B,/''By means of this instrument (called a Py- 
rometer) we may estimate, in the most exact manner^ 
the.various dilatations of any solid body by heat.^ The 
lx)dy we $ire now going to submit to trial is this small 
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tfonbar ; I fix it to this apparatus, (Plate I, -Fig, 1 J 
and then heat it by lighting the three lamps beneath it $ 
ivhen the bar dilates, it increases in length as \srell as 
thickness ; and, as one end communicate with this 
wheel-work, whilst the other end is fixed and immove* 
able, no sooner does it begin to dilate than it presses 
against the wheel^work, and sets in motion the index, 
which points o9t the degrees of diladon on the dial- 
plate. 

Emily, This is indeed a very curious instrument ; 
but I do not understand the use of the wheels : would 
it not be more simple, and answer the purpose equally 
well, if the bar pressed against the index, and put it in 
motion without the intervention of the wheels ? 

Mr8. B, The use of the wheels is merely to mul- 
tiply the motion, and therefore render the effect of the 
caloric more obvious : for if the index moved no more 
than the bar increased in leng&i, its motion would 
scarcely be perceptible : but by means of the wheels it 
moves in a much gipater proportion, which therefore 
renders the variation much more consfMcuous. 

^By submitting different bodies to the test of the py* 
rometer, it is found /that they are far from diladng in 
the same proportion. Different metals expand in dif« 
ferent degrees, and other kinds of solid bodies vary still 
more in this respect^ But this different susceptibility 
of dilatation is still more remarkable in fluids than in 
isolid bodies, as I shall ^how you, I have here two glass 
tubes, terminated at one end by large bulbs. We 
shall fill the bulbs, the one with spirit of wine, the oth* 
er with water. I have ^coloured b6th liquids, that the 
effect may be more conspicuous. The spirit of wine^ 
you see, dilates merely by the warmth of my hand as 
as I hold the bulb. 
Mmily^ It certsdnly delates, for I see it is rising into 

Plats I. 

Fig. I. A A. Btr of meul. x a 3. Lunpt bumiof. B B. 
Whccl'woilc. C. Index. 

Fig. a. A A. Glass tubes with bulbs. B B. GlasKS of w»* 
tcr in which they ire iBunerfed* 
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tbe tube. But water, it seems, is not so easily affect* 
ed by heat ; for no apparent change is produced on it 
by the warmth of thi^ hand. 

Mrs. J5. True ; we shall now plunge the bulbs into 
hot water, fPaie L Fig^ 2*J and you will see both li- 
quids ri^e in the tubes ; but the spirit of wine will be- 
gin to ascend first 

CaroSne. How rapidly it dilates ! Now it has nearly 
reached the top of the tube, though the water has not 
yet began to rise, 

Endly, The water now begins to dilate. Are not 
these glass tubes, with liquids rising within them, very 
like thermometers ? 

Mrs, B^ A Thermometer is constrqcted exactly t 
on the same principle, and these tubes require only a 
scale to answier the purpose of thermometers : but they 
would be rather awkward in their dimensions. The 
tubes and bulbs of thermometers, though of various 
sizes, are in general much smaller than these ; the 
tube too i$ hermetically cbsed, and the air excluded 
from it. /The fluid most genei*ally used in thermome«- 
ters is mercury, commonly called ^icksilver^ the di- 
latations and contractions of which correspond more 
exactly to the additions, and subtractions, of cdloriC) 
than those of any other flmd«^ 

CaroMne. Yet I have of!en seen coloured spirits of 
wine used in thermometers. 

Mrs. jB, The dilatations and contractions of that 
liquid are not quite so uniform as those of mercury ; 
but in cases in which it is not requisite to ascertain the ^ 
temperature with great precision, sjririt of wine will 
answer the purpose equally well, and indeed in some 
respects better, as the expansion of the latter is great- 
er and therefore more conspicuous. This fluid is used 
likewise in situations and experi^ients in which mercu- 
ry would be frozen ; for mercury becomes a soHd body, 

. like a piece of lead or any other metal, at a certain de- 
gree of cold : but no degree of cold has ever been 
known to freeze spirits of wine. 

/^ A thermometer therefore consists of a tube with a 

* C 2 
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bulb, such as you see here, containing a fluid whose 
degrees of dilatation and contraction are indicated by a 
scale to which the tube is fixed^ The degree which 
indicates the boiling point, siiUply means that, when 
the fluid is sufliciently dilated to rise to this point, the 
heat is such, that water exposed to the same tempera-*- 
turc will boil. When, on the other hand, the fluid is 
so much condensed as to sink to the freezing point, we 
know that water will freeze at that temperature. The 
extreme points of the scales are not the same in all 
thermometers, nor are the degrees always divided in 
the same manner. In diflerent countries philosophers 
have chosen to adopt different scales and divisions, 
fThe two thermometers most used are those of Fahren- 
heit, and of Reaumur ;^ the first is generally preferred 
by the English, the latter by the French^ 

Emiiy, The variety of scale must be very incon- 
Tement, and I should think liable to occasicm confusion, 
when French and Ejiglish experiments are compared. 

Mrs. B. This inconvenience is. but very trifling, be- 
cause the diflerent graduations of the scales ^o not af- 
fect the princq)le upon which thermameter& are con- 
•structed. When we know, for instance, that Fahrep- 
heit's scale is divided into 212 degrees,, in which 32a 
corresponds with the freezing point, and 212o with the 
p(»nt of b(»ling water ; and that Reaumur^ is cHvided 
only mto 80 degrees, in which Qq, denotes the freezing: 
point, and S0<' that <4if iaoiling water, it is easy to com-^ 
pare the two scales together, and reduce the one into, 
the other. But, for greater convenience, thermome- 
ters are sometimes constructed with both these scales,, 
one on either side of the tube ^ so that the correspon- 
dence of the different degrees of the two scales, is. 
thus instantly seen. Here is one of these scales (Plate 
II. Fig, 3,J by which you can at once perceive that 
each degree of Reaimur's correi^Kmds to 2 J of Fah- 
renheit's division. 

Emily ^ Are spirits of wine, and mercury, the only^ 
fluids used in the constructicMi of thermometers. 

Mrs. B, I believe they are the only liquids now in 
use> though some others, «uch as Unseed oil> woul4 
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make tolerable thermometers ; but for experimeots in 
-which a very quick and delicate test of the changes of 
lemperattire is required, air thermometers are some- 
limes employed. The bulb, in these, instead of con* 
taining a liquid, is filled only ivith common air, and its 
dilatations and contractions are made sensible by a small 
drop of any coloured fluid, \vhich b suspended withm 
the tube^ smd moves up and doivn^ according as the air 
within the bulb and tube expands or contracts. But air 
thermometers, however sensible to changes of tempe- 
rature,, are by no means accurate in their indications. 

£mLy. A thermometer, then, indicates the exact 
quantity of caloric contained either in the atmosphere, 
or in any body with which it is in contact I 

Mr*. jB. No ; first, because there ure other modifi* 
cations of caloric which do not affect the thermometer ; 
and, secondly, because the temperature c»f a body, at 
indicated by the thermometer, is only relative. When 
for instance, the thermometer remains stationary at 
the freezing point, we know that the atmosphere (or 
medium in which it is placed,, whatever it may be) is 
as cold as freezing water : and when it stands at the 
boiling point, we know that this medium is as hot as 
boHing water ; but we do not know the positive quanti- 
ty of heat contained either in freezing or boiUng water> 
any more than we know the real extremes of heat and 
cold r and ccmsequently, we cannot determine that of 
the body in which the thermometer is placed 

CaroSne^ I do not quite understand this explana- 
tion. 

iV/r«. B^ Let us compare a thermometer to a well, 
in which the water rises to different heights, according 
as it is more or less supplied by the sprmg which feeds 
it : if the depth of this well be unfathomable, it must 
be impossible to know the absolute quantity <A water it 
contains ; yet we can with the greatest accuracy mea- 
sure the number of feet the water has risen or ^len in 
the -wen at any time, and consequently know the pre« 
cise quantity of its increase or diminution, without hav* 
ing the leaat knowledge of the whole quantity of inrafeer 
it contains* 
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CoroHnc, Now I comprehend it very well : nothing 
explains a thing so clearly as a comparison. 

Endly. But will thermometers bear any degree of 

heat ? 

Mrs, B, No ; for if the temperature be much above 
the highest degree marked on the scale of the ther- 
mometer, the mercury would blirst the tube in an at- 
tempt to ascend. And at any rate, no thermometer 
can be applied to temperatures higher than the boiling 
point of the liquid used in its construction. In furnaces, 
or whenever any very high temperature is to be measur- 
ed, a pyrometer, invented by Wedgewood, is used for 
that purpose. It is made of a certain composition of 
baked clay, which has the peculiar property of con-' 
tracting by heat, so that the degree of contraction of 
this substance mdicates the temperature to which it has 
been exposed. 

Endly, But is it possible for a body to contract by 
heat ? I thought that heat dilated all bodies whatever. 

Mrs.B. That is, I believe, true. Yet heat fre- 
quently diminishes the bulk of a body by evaporating 
some of its particles ; thus, if you dry a wet sponge 
before the fire, the heat, though it must,, accorcttng to 
the general law of nature, dilate the particles of the 
fiponge, will very considerably contract its bulk by 
evaporating its moisture. 

CaroUnei And how do you ascertsdn the degrees of 
contraction by this pyrometer ? 

Mrs, B^ The dimensions of a piece of clay are 
measured by the bore of a graduated conical tube in 
which it is placed ; the more it is contracted by the 
heat, the lower it descends into the narrow part of the 
tube. 

Let us now proceed to examine the other properties 
of free caloric. 

/ Free caloric always tends to an equilibrium ; that 
is to say, when two bodies are of different tempera- 
tures, the warmer gradually parts with its heat to the 
colder, till they are both brought to the same tempera- 
ture. J 
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EmHy. Is cold then notUng but a negative quality, 
simply implying the absence of heat ? 

Mr»,B,0i^ot the total absence, but a diminution 
of heat ; for we know of no body in which some calor- 

ic may not be discovcred^^ 

Caroline, But when flay my hand on this marble 
table. I feel it ftoatively cold, and cannot conceive that 
(here is smy caloric in it. 

Mrs, B, f^The cold you experience consists in the 
loss of caloric that your hand sustains in an attempt to 
brine its temperature to an equilibrium with the mar- 
ble.J^If you lay a piece of ice upon it, you will find 
tha^he contrary effect will take place ; the ice will 
be melted by the heat which it abstracts horn the mar* 
ble. 

CaroHne. Is it not in this case the air of the room^ 
which being warmer than the mari>le, melts the ice ? 

Mrs, B, The air certainly acts on the surface ex* 
posed to it, but the table melts that part which is in 
contact with it. 

CaroUne, But why does caloric tend to an equilibri* 
um ? It cannot be on the same principle as other fluids, 
nnce it has no weight ? 

Mrs, B, Very true, Caroline, that is an excellent 
remark./ The tendency of caloric to an eqiutibrium is 
best explained by a supposed repulsive force of its par* 
tides, which having a constant tendency to fly from 
each other, diffuse themselves wherever there is a de* 
ficiency of that fluid, and thus gradually restore an 
equilibrium of temperature^ But it is not only b^'Hes 
which contain a greater proportion of caloric that part 
with it to those that contain less : in order to explain 
all the phenomena of heat and cold^ we must suppose 
that a mutual exchange of caloric takes place between 
all bodies, of whatever temperature, and that the rays 
of caloric, in passing from one body to another, are sub* 
ject to all the laws of reflection and refraction, the same 
a^ those of light. This theory was first suggested by 
Professor Prevost, of Geneva, and is now, I beHeve, 
pretty generally adopted. Thus you may suppose all 
bodies whatever constently radiating caloric : those that 
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are of the same temperature give out and receive equal 
quantities, so that no change of temperature is produ- 
ced in them ; but when one body contains i^I^tc &ee ca- 
loric than another, the exchange is always in favour of 
the colder body, until an eif^ilibrium is effected ; this 
you found to be the case when the marble table cooled 
your hand, and again when it melted the ice* 

Caroline, This surprises me extremely : I thought^ 
from what you iii*st said, that the hotter bodies alone 
emitted rays of caloric which were absorbed by the 
colder, for it seems unfair that a hot body should receive 
any calodc from a cold one, even though it shouM re- 
turn a greater quantity. * 

Mrs, B, It may at first appear so, but it is no more 
extraordinary than that a cs^le should send forth ray^ 
of light to the sun, or that a stone in falling should at- 
tract the earth, at you know it does from the law of 
gravitation.. 

CaroKncs Well, Mrs. B. since you have all nature 
to oppose to me, I believe that I must give up the 
point. But I wish I could see these rays of caloric, I 
should then have greater faith in them. 

Mrs, B, Will you give no credit to apy sense but 
that of sight ? You may feel the rays of caloric which 
you receive from any body of a temperatune higher 
than your own ; the loss of the caloric you fart with 
in return, it is true is not perceptible ; for as you gain 
more than you lose, instead of suffering a diminution, 
you are really making an acquisition of caloric. It is 
therefore only when you are parting with it to a body 
of a lower temperature, fhwt you are sensible of the 
sensation of cold, because you then sustain an absolute 
loss of caloric. 

Emiiy, Ai)d in this ca^e we cannot be sensible of 
the small quantity of heat we receive in exchange from 
the colder body, because it serves only to diminish the 
loss. 

'Mrs, B, Very well, indeed, Emily. Professor Pic- 
tet, of Geneva, has made some very interesting exper-^ 
imentsto prove tliat caloric radiates from all bodies 
whatever; and that these rays may be reflected^ ac«- 
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•ofduig to the laws of optiqs, in the same manner as 
light. I wish I could repeat these experiments before 
you, but the difficulty of procuring mirrors fit for the 
purpose puts, it out of my power ; you must therefore 
be satisfied with an account of them, illustrated by this 
diagram : (Plate 111, Fig, 4.^— He placed an iron bul- 
let, about two inches in diameter, and heated to a de« 
gree not sufficient to render it luminous, in the focus of 
a large metallic mirror. The rays ot heat which fell 
on this mirror were reflected, agreeably to the property 
of concave mirrors, in a parrallel direction, so as to &11 
on a similar mirror, which was placed opposite the first, 
at the distance of about twelve feet ; thence they con- 
verged to the focus of the second mirror, in which the 
bulb of a thermometer was placed, the consequence of 
which was, that the thermometer immediately rose sev-* 
ral degrees. 

Emiiy, But would not the same effect have taken 
place, if tlie rays of caloric from the heated bullet had 
fallen directly on the thermometer, without the assist- 
ance of the mirrors ? 

Mrs, B. The effect would in that case have been 
so trifling, at the distance at which the bullet and the 
thermometer were from each other, as would probably 
have rendered it imperceptible. The mirrors, you 
know, greatly increase the effect, by collecdng a large 
quantity of rays into a focus; but their principal use 
was to prove that the calorific emanation was reflected 
in the same manner as light. 

CdroSne, And the result I think was very conclu- 
sive. 

Mrs. B. . The experiment was afterwards repeated 
-vnth a wax taper instead of the bullet, with a view of 

Plate III. 

A At and B B. Concave mirrors fixed on stands. C. beated 
buUet placed in the focus of the mirror A, D. The thermome- 
ter with its hulb placed in the focus of the mirror B. z « 3 4, 
Rayi of caloric rskliating from the bullet and falling on the mir- 
ror A. 5 6 7 S. The same rays reflected from the mirror A t* 
mirror B- 9 10 xi i}. The same rays reflected by the mirror B 
to the thermometer* 



( 24 ) 

separating the lij^ht from the caloric. For this purpose 
a transparent plate of glass was interposed between the 
mirrors ; for Ught you know passes with great fecility 
through glass, whilst the transmission of caloric is con- 
siderably impeded by it. It was found however) 
m this experiment, that some of the calorific rays pass- 
ed through the glass together with the light, as the 
thermometer rose a few degrees ; but as soon as the 
glass was removed, and a free passage left to the calor- 
ic, it rose immediately double the number of degrees. 

JSndly, This experiment as well as that of Dr. 
HerschelFs proves that light and heat may be separa- 
ted ; for in the latter experiment the separation was 
not perfect, any more than in that of Mr. Pictct. 

Caroline, I should like to repeat Mr. Pictet's exper* 
iments, with the difference of substituting a cold body 
instead of the hot one, to see whether cold would n«t 
be reflected as well as heat. 

Mrs, B. That experiment was proposed to Mr, 
Pictet by an incredulous philosopher like yourself, and 
he immediately tried it by substituting a piece of ice in 
the place of the heated bullet. 

CaroliTte, Well> Mrs. B. and what was the result I 

Mra. B. The thermometer fell considerably. 

' CaroHnt. And does that not prove that cold is not 
merely a negative quality, implying simply an inferior 
degree of heat ? The cold must htfiontive,^ since it k 
capable of reflection. 

Mrs, B. So it at first appeared ; but upon a littks 
consideration it was found that it afforded only an addi* 
tional proof of the reflection of heat : this I shall en- 
deavour to explain to you. 

We suppose that all bodies whatever radiate caloric ; 
•the thermometer used in these experiments therefore 
emits calorific rays in the same manner as any other 
substance. When its temperature is in equilibrium 
with that of the surrounding bodies, it receives as much 
caloric as it parts with, and no change of temperature 
is produced. But when we introduce a body of a low- 
er temperature, such as a piece of ice, which parts 
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with less caloric than it receives, the consequence is, 
that its temperature is raised, whilst that of the sur- 
rounding bodies is proportionably lowered ; and as, 
from the effect of the mirrors, a more considerable ex- 
change of rays takes place between the ice and the 
thermometer, than between these and any of the sur- 
rounding bodies, the tempemture of the thermometer 
must be more lowered than that of any other adjacent 
object. 

Caroline, I do not perfectly understand your expla- 
nation. 

3frs. B, This expci iment is exactly similar to that 
made with the heated bullet : for, if we consider the 
thermometer as the hot body (which it certainly is in 
comparison to the ice), you may then easily luiderstand 
that it is by the loss of the calorific rays which the ther- 
mometer sends to the ice, and not by any cold rays 
received from it, that the fell of the mercury is occa- 
sioned ; for the ice, far from emitting rays of cold, 
sends forth rays of caloric, which diminish the loss siia» 
tained, by the thennometer. 

Let us say, for instance, that the radiation of the 
thermometer towards the ice is equal to 20, and that 
of the ice towards the thermometer to 10 ; the exchange 
'in favour of the ice is as 20 is to 1(>, or the thermome- 
ter absolutely loses 10, whilst the ice gains 10. 

Caroline, But if the ice actually sends rays of ca- 
loric to the thermometer, must not the latter fall still 
lower when the ice is removed ? 

Mrs, B. No ; for the air which will fill the space 
that the ice occupied, being of the same temperature 
as the thermometer, will emit and receive an equal 
quantity of caloric, so that no altemtionof temperature 
win be produced. 

Caroline, I -must confess that you have explained 
this in so satisfactory a manner that I cannot help being 
convinced that cold has no real claim to the rank of a 
posit!%^e being. So now we may proceed to the other 
modifications of caloric. 

D 
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Mr9. B, We have not ye concluded our observa- 
tions on free caloric. But I shall defer, till our next 
meeting, what I have further to say on this subject, 
as I believe it will afford us ample conversation for 
another interview. 



ConfterjBfation iii. 

Continuation of th€ Subject* 



Mr9. B, 

Ik our last conversation, we began to examine the 
constant tendency of free caloric to restore an equilibri^- 
um of temperature. This property, when once well 
understood, affords the explanation of a great variety 
of facts which appeared formerly unaccountable. You 
must observe, in the first place, that the effect of this 
tendency is gradually to bring all bodies that are in 
contact, to the same temperature. Thus, the fire 
which bums in the grate, communicates its heat from 
one object to another, till every part of the room hals 
an equal proportion of it. 

Emily, And yet this book is not so cold as the table 
on which it lies, though both are at an equal distance 
from the fire, and actually in contact with each other, 
so that, according to your theory, they should be exact- 
ly of the same temperature ? 

Caroline. And the hearth, which is much nearer the 
fire than the carpet, is certainly the colder of the two. 

Mr*. B, If you ascertain the temperature of these 
several bodies by a thermometer (which is a much more 
accurate test than your feeling), you wiA find that it is 
exactly the same. \ 
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Caroline, But if thiey are of the same temperature, 
why should the one feel colder than the other ? 

Mrs, B. ^The hearth and the table feel colder than 
the carpet or the book, because the latter are not such 
good condtictors of heat as the former. Caloric finds a 
more easy passage through marble and wood, than 
through leather and worsted ;* the two former will there- 
fore absorb heat more rapidly from your hand, and conf 
sequently give it a stronger sensation of cold than the 
two latter, although they are all of them really of the 
same temperature* 

Caroline, So, then, the sensation I feel on touching 
a cold body, is in proportion to the rapidity with wliich 
my hand yields its heat to that body ? 

Mrs, B, Precisely ; and, if you lay your hand suc- 
cessively on every object in the room, you will discover 
wliich are good, and which are bad conductors of heat, 
by the different degrees of cold you feel. / But in order 
to asceitain this point, it is necessary that the several 
substances should be of the same temperature, wliich 
will not be the case with those that are very near the 
fire, or those that are exposed to a current of cold air 
from a window or door. 

Endly, But what is the reason that some bodies are 
better conductors of heat than others ? 

Mrs, B. ^ That is a point not well ascertained. It is 
conjectured that a certain union or adherence takes place 
between the caloric and the particles of the body through 
which it passes. If this adherence be strong, the body 
detains the heat, and parts with it slowly and reluctant- 
ly ; if slight, it propagates it freely and rapidly. The 
conducting power of a body is therefore, inversely, as 
its tendency to unite with caloric. 

Emilxj, That is to say, that the best conductors are 
those that have the least affinity for caloiic. 

Mrs, B, Yes ; but I object to the term affinity in this 
case, because as that word is used to express a chem- 
ical attraction (which can be destroyed only by decom- 
position)) it cannot be applicable to the sliglu and tran- 
sient union that takes place between free caloric and 
ther bodies through which it passes \ an union which is 
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60 Weak, t^t it constantly yields to the tendency which 
caloric has to an equilibrium. Now you clearly under^ 
stand, that the passage of caloric, through bodies that 
arc good conductors, is much more i^apid than through 
those thE^; fkre bad conductors, and that the former both 
give and receive it more quickly, and therefore, in a 
given time, more abundantly, than bad conductors, 
which makes them feel either hotter or colder, though 
they may be in fact, of the same temperature. 

Caroline, Yes, I understand it now ; the table, and 
the book lying upon it, being really of the same ten>. 
perature, would eachreceive in the same space of time, 
the same quantity of heat from my hajid, were their 
conducting powers ^qual ; but as the table is the best 
conductor of the two, it will absorb the heat from mv 
hand more rapidly, and consequently produce a strongi 
er sensation of cold than the bookt 

Mrs, B, Very well, my dear ; and observe, like*' 
wise,4hat if you were to heat the table and the book 
an equal number of degrees above the temperaturi? 
of your body, the table %vhich before felt the colder, 
would now feel the hotter of the two ; for as in the first 
case it took the heat more rapidly from your hand, so 
it will now impart heat n^ost rapidly to it./ Thi4s thg 
marble table, which seems to us colder than the ma- 
hogany one, will prove the hotter of the two to the ice ; 
for if it takes heat more rapidly from our hands, which 
are warmer, it will give out heat more rapidly to the 
ice, which is colder. Do you understand the reason of 
these apparently opposite effects ? 

Emily, Perfectly. A body that is a good conductor 
of caloric, affords it a free passage ; so that it pcnc« 
trates through that body more rapidly than through 
one which is a bad conductor ; and, consequent! j'/it 
it is colder than your hand, you lose more caloric, and 
if it i^ hotter^ you gain more than .with a bad conduc* 
tor of the same temperature. » 

Mr9, J9. But you must o^erve that this is the case 
only when the conductors are either hotter or colder 
than your hand ; for, if you heat different conductori^ 
to the temperature of your body, they will all feel 
equally warin, since the exchange of radiation betweep 
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bodies of the same temperature is equal. Nov, can 
you tell me why flannel clothing, which is a very bad 
conductor of heat, prevents ouf feeling cold I 

CaroHTie. It prevents the coldfix>m penetrating. 

Mrs. B. But you forget that cold is only a negative 
quaUty. ^ 

Cavotine. True ; it only prevents the heat of our 
bodies from' escaping so rapidly as it would otherwise 
do. / 

Mrs, B, Now you have explained it right :Mhe 
fiannel rather keeps in the heat, than keeps out the 
cold, y Were the atmosphere of a higher temperature 
than our bodies, it would be equally efficacious in pre* 
serving them of an uniform temperature, as it would 
prevent the fiee access of the external heat, by the 
difficulty with which it conducts it. 

Mwity. This, I think, is very clear. ^ Heat, whether 
external or internal, cannot easily penetrate fl^dinel; 
therefore in cold '^teather it keeps us warm ; and if 
the weather was hotter than our bodies^ it would keep 
us cool, y 

Mrs^ B^ ^ For the same reason, glass windows, 
which are very bad conductors of heat, keep a room 
warm in winter and cool in summer, provided tiie sun 
does not shine upon them. ^ The most dense bodies 
are, generally speaking, the best conductors of heat* 
At the tempej^ature of the atmosphere a piece of metal 
will feel mucfe colder than a piece of wood, and the 
latter than a piece of woollen cloth : this again will feel 
colder than flannel ; and down, which is one of the 
Hghtest, is at the same time, one of the warmest 
bodies. 

Caro&ne. This is, I suppose, . the reason that the 
plumage of birds preserves them so effectually from 
the influence of cold in winter ? 

Mrs. B. Yes ; but though feathers in general are 
an excellent preservative against cold, down is a kind 
of plumage peculiar to aquatic birds, and covers their 
chest, which is the part exposed to the water ; for 
though the surface of the water is not of a lower tem- 

. perature than the atmosphere, yet^ as it is. a better 
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conductor of heat, it feels much colder^ consequently 
the chest of the bird requires ^ warmer covering than 
any other part of its body, 

/ Most animsl substances, especially those which 
Providence has assigned as a coveiing for animals, such 
as fur, wool, hair, skin, &c. are bad conductors of 
heat, and are, on that account such excellent preser* 
vatives against the inclemency of winttr, th^it our 
warmest apparel is made of these materials, / 

In fluids of different densities, the power of conduct* 
ing heat varies no less remarkably ; if you dip your 
hand into this vessel full of mercury, you will scarcely 
conceive that its temperature is not lower than that gr 
the atmosphere. 

Caroline, Indeed I can hardly believe it, it feels so 
extremely cold.'^^But we may easily ascertain its true 
temperature l^ the thermometer.— .It is really not 
colder than th* air ;-^the appai^ent difference then is 
produced merely by the difference of the conducting 
power in i»orcury and in air ? 

Mrs, B, Yes ; hence you may judge how little th^ 
sense of feeling is to be relied on as a test ctf the tem- 
perature of bodies, and how necessaiy a thermometer 
is for that puipose. 

But I must not forget to tell you, that it has beeix 
doubted whether fluids have the power of conducting 
caloric in the same manner as solid bodies, y Count 
Rumford a very few years since, attempted to prove> 
by a variety of experiments? that fluids, wlten at restj 
were not at all endowed with this property, 

CaroUne, How is that possible, since they ai'e capa-. 
ble of imparting cold or heat to us ; for if they did not 
conduct heat, they would neither take it frQm> nor give 
it to us ? 

Mrs, B, Count Rumford did not mean to say that 
fluids do not communicate their heat to solid bodies ; 
but only that heat does not pervade fluids, that is to say, 
is not transmitted from one particle of a fluid to another, 
in the same manner as in solid bodies, 

Emily. But when you heat a vessel of water pver 
the flrej if the particles of water do not communicate 
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beat to each other, how does the water becomo^ hot 

throughout I 

Mrs, B, f By constam agitation. / Water as you have 
^en, expands by heat in the same manner as solid 
bodies ; the heated particles of water therefore, at the 
bottom of the vessel, become specifically lighter than 
the rest of the liquid, and consequently ascend to the 
surf'xe, where, parting with some of their heat to the 
colder atmosphere, they are condensed, and give way 
to a fresh succession of heated particlesj ascending 
from the bottom, which having thrown off their heat 
at the surface, are in tlieir turn displaced. Thus^ery 
particle is successively heated at the bottom, and cool- 
ed at the surface of the liquid ; but as the fire commu- 
nicates heat more rapidly than the atmosphere cools 
the succession of surfaces, the whole of the liquid in 
time becomes heated. ^ 

Caroline, This accounts most ingeniously for the 
propagation of heat upwards; But suppose you were 
to heat the upper surface of a liquid, the particles being 
specifically lighter than those below, could not des« 
cend : how therefore would the heat be communicated 
downwards ? 

Mrs, B, ^Count Rumford assures us, that if there 
was no agitation to force the heated surface downwards^ 
the heat would iK>t descend. In proof of this, he sue* 
ceeded in making the upper surface of a vessel of water 
boil and evaporate, while a cake pf ice remained fro^scn 
at the bottom, / 

Caroline, That is very extraordinary indeed ! 

3^9. B, It appears so, because we are not accus* 
tomed to heat liquids by their upper surface, but you 
will understand this theory better if I shew you the in^ 
temal motion that takes place in liquids when they ex* 
perience a change of temperature. The motig^ of ths 
Uquid itself is indeed invisible from the extreme'«anutc* 
ness of its particles ; but if you mix with it any colour- 
ed dust, or powder, of nearly the same specific gravity 
asjthe liquid, you may judge of tlie inteniG^ motion of 
the latter by tliat of the coloured dust it coii&dns. Do 
you see the small pifeces of amber moving aWut in the 
bquid contained in this phiaL > ** 
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Q^t^Une. Yes, perfectly. 

Mrs. B. We shall now immerse the phial in a glass 
of hot water, and the motion of the liquid will be shown, 
by that which it communicates to the amber. 

Ernify, I see two currents, the one rising along the 
sides of the phial, the other descending inQie centre ; 
but I do ^ understand the reason of this^ 

Mrs. B» The hot water communicates its caloric, 
through the medium of the phial, to the particles of the 
fluid nearest to the glass ; these dilate aiul ascend late- 
rally to the surface, where, in parting with their heat, 
they are condensed, and in descending, form the cen* 
tral current. 

Caroline. This is indeed a very clear and satisfactory 
©xperimeut j but how much slower the currents now 
move thjan they did at first ? 

Mrs, B, It is because the circulation of particles has 
nearly produced an equilibrium of temperature between 
the liquid in the glass and that in the phial. 

Caroline, But these communicate laterally, and I 
thought that heat in liquids could be propagated only 
upwards ? 

Mrs.B, You do not take notice that the heat is im 
parted from one litjuid to the other, through the medi* 
um of the phial itself, the external surface of which re- 
ceives the heat from the water in the glass^ whilst its^ 
internal surface transmits it to the liquid it contains. — 
Now take the phial out of the hot water, and observe 
the effects of its coolings 

Emily'. The currents are reversed j the external- 
current BOW descends, and the internal one rises. I 
guess the reason of this change :— the phial being ia 
contact with cold air instead of hot water, the externfil 
particles are cooled instead of beinf; heated ; tliey there-- 
fore descend and force up the central particles,, which 
being warmer are consequently ligher.. 

Mrs, B,. It is just so. '^Count Rumferd infers from 
hence) that no alteration of temperature can take place 
in a fluid, without an internal motion of its particles^ 
and as this motion is produced only by the comparative 
levity of the heated particles^ heat cannot be propagated 
downwards, y 
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This thediy explains the reason of the cold tliat ift 
found to prevail at the bottom of the lakes in Switzer- 
land, which arc fed by rivers issuing from the snowy 
Alps. #The water of these rivers being colder, and 
therefore more dense than that of the lakes, sub^des to 
the bottom, where it cannot be affected by the warmer 
temperature of tl^e surface ; the motion of the waves 
may communicate this temperature to some li?tle depth, 
but it can descend no further than the agitation extends* y 

JLmUy. But when the atmosphere is colder than the 
lake, the colder surface of the m ater will descend for 
the very reason that the warmer will not ? 

Mrs, B. Certainly ; and it is on this account that 

/" neither a lake nor any body of water whatever, can be 

frozen until every particle of the water has risen to the 

surface to give off its caloric to the colder atmosphere ; 

. therefore the deeper a body of water is, the longer will 

be the time it requires to be frozen. / 

£?mly. But if the temperature of the whole body of 
water is brought down to the freezing point, why is only 
the surface frozen ? 

Mrs. B. The temperature of the whole body is low- 
ered, but not to the freezing point. The diminution of 
heat as you know, produces a contraction in the bulk 
of fluids, as wellas of solids. / This effect however does 
not take place in water below the temperature of forty 
degrees, which is eight degrees above the freezing 
ppint.^ At that temperature, therefore, the internal 
motion, occasioned by the increased specific gravity 
of the condensed particles, ceases ; for when the water 
at the surface no longer condences, it will no longer der 
scencl, and leave a fresh smface exposed to tlie atmos^ 
phere : this surface alone, therefore, will be further 
exposed to its severity, and will soon be brought dowr^ 
tQ the freezing point, when it becomes ice, which being 
?i bad conductor of heat, preserves the water beneath £^ 
Jong time from being affixed by the external cold. 

Caroline, And the sea does not freeze, I suppose^ 
because its depth is so great, that a frost never lastii 
long enough to bring down the temperature, of such a 
great body of water to forty degrees f  
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PLATE IV. 

Fig 5. Botliiig water In a flask over a patent lamp. 

Fig- 6. Ether evaporated and water frozen in the air pu2»p. 
A. A phial of ether. B> Glass vessel containing water. C. Q, 
Thermometers, one in the ether, the other in the water. 

* This theory tf the non-conducting power of fluids, notwith* 
(landing all its plaufibility, has been found, by a variety of fubfe- 
quent experiments, to have been carried by Count Rumford, ra- 
ther too far ; and it is i!^w generally admitted that fluids are not 
entirely deflitute of conduAibilky, though tkey propagate heat 
chiefly by ntotion, ^n the manner jufit explained, and pcflef* the 
conducting power but ixk a yexj unj>erfe£t degree. 



Mrs, B, No, that is not the case ; for salt water is j 

an exception to this law, as it condenses even many de- 
grees below the freezing pomt. When the caloric of 
fresh water therefore is imprisofted by the ice, th% ocean j 

still continues throwing off heat into the atmosphere, 
which is a most signal dispensation of Providence to mo- 
derate th^ intensity of the cold in winter^ { 

£miiy. I admire this theory extremely ;* but allow ' 

me to ask you one more question relative to it. You 
said that when water was heated over the fire, the par^ ^ 

tides at the bottom of the vessel ascended as soon as ^ 

hqated, in consequence of their specific levity ; why J 

does not the same effect continue when the water boils, 1 

and is converted into* steam ? and why does the steam * | 
rise from the surface instead of the bottom of the liquid ? | 

Mrs. jB, The steam or vapour does ascend from the ' 

bottom, though it seems to arise from the surface of the . 
liquid. We shall boil some water in this Florence flask j 
(Plate IV, Fig, 5,J ypu will then see through the glass, 
that the vapour rises in bubbles from the bottom. We 
shall make it boil by means of a lamp, which is more 
convenient for this purpose than the chimney fire. 

Mndly, I see some small bubbles ascend, and a great 
many appear all over the inside of the flask \ does the 
water begin to boil already ? ^ 

Mrs. B, No ; what you now see are bubbles of air 
which were either enclosed in the water, or attached to 
the inner surface of the flask, and which, being, rarefi- 
ed by the heat, ascend in the v/ater. 
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Eimly, But the heat \ehich rarefies the air enclosed 
in the water, must rarefy the water at the same time ; 
therefore, if it could remain stationary in the water 
when both were cold, I do not understand why it should 
not when both are equally keated ? 

Mrs, B. Air being much less dense than water, is 
more easily rarefied ; the former therefore expands to 
a greater extent, whilst the latter continues to occupy 
ijt^ nearly the same space ; for water dilates comparatively 
"^ but very little without changing its state and becoming 
vapour. Now that the water in the flask begins to boiit 
observe what large bubbles rise from the bottom of it. 

Emily, I see them perfectly ; but I wonder that 
they have sufficient power to force themselves through 
the water. 

Caroline, , They must rise, you know, from their spe- 
cific levity. 

3ir». B. You are right, Caroline ; but vapour has 
not in all liquids (when brought to the degree of vapor« 
isation) the power of overcoming the pressure of the 
less heated surface. Metals for instance, evaporate 
only from the surface ; therefore no vapour 'yrHI as<^end 
from them till the degree of heat which is necessary to 
form it has reached the surface ; that is to say till the 
whole of the liquid is brought to the boiling point. 
This is the case with all metals, mercury alone excep- 
ted. 

JSmily. I have observed that steam, immediately is- . 

t ' suing from the spout of a tea-kettle, is less visible than 

at a further distance from it ; yet it must be more dense 
when it first evaporates than when it begins to diffuse 
itself in the air. 

Mrs. B, Your objection is a very natural one ; and 
in order to answer it, it will be necessary for me to en- 
ter into some explanation respecting the nature of solu- 
tion. ^Solution takes place whenever a body is melted 
in a fluid. In this operation the body is reduced to such 
a mbute state of division by the fluid, as to become 
invisible in it, and to partake of its fluidity : but this 

t happens without any decomposition, the body being on- 
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ly divided into its integrant particles by the fluid in 
! "Which it is melted.^ 

I Caroline. It is then a mode of destroying the at- 

\ traction of aggregation. 

^ Mrs, B. Undoubtedly .-iThe two principal solvent 

fluids are water and caloric. You may have observed 
that if you melt salt in water, it totally disappears, and 
the water remains clear and transparent as before ; yet 
though the union of these two bodies appears so per- 
fect, it is not produced by any chemical combination ; 
both the salt and the water remain unchanged ; and if 
you were to separate them by evaporating the latter, 
you would find the salt in the same state as before./ 

Emily, I suppose that water is a solvent for solid 
bodies, and caloric for liquids ? 

Mrs, B, ' Liquids of course can only be converted 
into vapour by caloric. But the solvent power of this 
agent is not at all confined to that class c^ bodies ; a 
great variety of solid substances are dissolved by heat y 
thus metals, which are insoluble in water, can be dis- 
solved by intense heat, being first fused or converted 
into a liquid, and then rarefied into an invisible vapour, 
f Many other bodies, such as salts, gums, &c. yield to 

either of these solvents. 

Caroline, And that, no doubt, is the reason why hot 
water will melt them so much better than cold water ? 

Mrs, B, It is so. / Caloric may indeed be consider- 
ed as having, in every instance, some share in the so* 
lution of a body by water, since all water, howev&r low 
its temperature may be, always contains more or less 
caloric. / 

Emily. Then perhaps water owes its solvent power 
merely to the caloric it contains ? 

Mrs. B. That probably would be carrying the spec- 
ulation too far ; I should rather think that water and 
caloi ic unite their eflbrts to dissolve a body, and that the 
difficulty or facility of effecting this, depends both on 
the degree of attraction of aggregation to be over- 
come, and on the arrangement of the particles which 
are more or less disposed to be divided and penetrated 
by the solvent. 
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Endly. But have not all liquids the same solvent 
power as water ? 

Mr9, JJ. The solvent power of other liquids varies 
according to their nature, and that of the substance 
submitted to their action. Most of these solvents, in- 
deed, differ essentially from water, as they do not 
merely separate the integrant particles of the bodies 
which they dissolve, but attack their constituent princi- 
ples by the power of chemical attraction, thus produc- 
ing a true decomposition* These more complicated 
operations, which may be distinguished by the name 
of chendcal solutions^ we must consider in another place, 
and confine our attention at present to the simple solu- 
tions by water and caloric. 

Caroline. But^ere are a variety of substances which, 
when dissolved in water, make it thick and muddy, and 
destray its transparency, i 

Mr8. B, 'In this case it is not a solution, but simply 
a mixture. * I shall show you the difference between a 
solution ana a miscture, by putting some common salt 
into one glass of water, and some powder of chalk into 
another ; both these substances are white, but their 
effect on the water will be very different. 

Caroline. Very different indeed I the salt entirely 
•disappears and leaves the water transparent, whilst the 
chalk changes it into an opake liquid like milk. 

Emily, And would lumps of chalk and salt produce 
similar effects on water ? 

Mtm, B. Yes,' but not so rapidly ; salt is indeed soon 
melted though in a lump, but chalk which does not 
mix so readdly with water, would require a much 
greater length of time ; I therefore prefeiTed showing 
you the experiment with both substances reduced to 
powder, which does not in any respect alter their na- 
ture, but fecilitates the operation merely by presenting 
a greater quantity of surface to the water. 

I must not forget to mention a very curious circum^ 
stance resjpecting solutions, which is, that^ fluid is ni^ 
increased in bulk by holding a body in solution. V y 

Caroline, That seems impossible ; for two^ bodies 
cannot exist together in the same space. 

E 
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' Mrs, B. That is true, my dear ; but two bodies 
may, by condensation, occupy the same space which 
one of them filled before. It is supposed that there 
are pores or interstices, in which the salt lodges, be- 
tween the minute particles of the water.^ And these 
spaces are so small that the body to be dissolved must 
be divided into very minute particles in order to be con- 
tained in them ; and it is this state of very great divi- 
«ion that renders them invisible. 

CaroHne, I can try this experiment immediately. 
-—It is exactly so— the water in this glass, which I fill- 
ed to the brim, is melting a considerable quantity of 
salt without overflowing. I shall try to add a little 
more.— But now, you see, Mrs, B. the water runs 
over. 

Mre. B. Yes ; but observe that/the last quantity of 
salt you put in remains solid at the bottom, and displaces 
the water ; for it has already melted all the salt it is 
capable of holding in solution. This is called the point 
of saturation ; and the water is now said to be saturated 
with salt, y 

Endly, This -happens, I suppose, when the inter- 
stices between the particles of the liquid are complete- 
ly filled ? 

Mrs, B. Probably. But these remarks, you must 
observe do not apply to a mixture ; for any substance 
which does not dissolve, increases the bulk of the li- 
quid. 

. Emily, I think I now understand the solution of a 
solid body by water perfectly : but I have not so clear 
an idea of the solution of a liquid by caloric. 

Mrs, B. It is precisely of the same nature ; but 
as caloric is an invisible fluid, its action as a solvent is 
not so obvious as that of water ./Caloric dissolves water, 
and converts it into vapour by the same process as wat- 
er dissolves salt ; that is to say, the particles of wftter 
are so minutely divided by the caloric as tp become in- 
\if.ible. J Thus, you are now enabled to understand 
why the vajX)ur of boiling water, when it first issues 
fromt^e spout of a kettle, is invisible ;fit is so, because 
it is then completely dissolved by caloric. But the' Hii:. 
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with which it comes in contact, being much colder Cha» 
the Tapour^ the latter yields to it a quantity of its ca» 
loric. The particles of vapour being thus in a great 
measure deprived of their solvent, gradually collect 
and become visible in the form of steam^which is water 
in a state of imperfect solution ; and ifyou were fur* 
ther to deprive it of its caloric, it would return to its 
original liquid state. 

Caroline, That I understand very well ; but in what 
state is the steam, when it again becomes invisible by 
being difiusedi in the air ? 

Mrs, B^ It is carried off and again dissolved by the 
air. 

Emity, The air then has a solvent power, like water 
and caloric \ 

Mrs, B. Its solvent power proceeds chiefly, if not 
entirely, from the caloric contained in it, the atmos- 
phere acting only ad a vehicle. Sometimes the watery 
vapour diffused in the atmosphere is but imperfectly 
dissolved, as is the case in the formaticm of clouds and 
fogs ; but if it gets into a region of air sufficiently 
warm, it becomes perfectly invisible. 

Emily, Does the air ever dissolve water, without its 
being previously converted into vapour by boiling? 

Mrs, B. n^es, it does. Water when heated to the 
boiling point, can no longer exist in the form of water, 
and must necessarily be converted into vapour, what* 
ever may be the state and temperature of tl^e surround- 
ing medium ; but the air (by means probably of the 
caloric it contains) can take up a certain portion of 
water at any temperature, and hold it in a state of so- 
lution. Thus the atmosphere is continually carrying off 
moisture from the earth, until it is saturated with it.^ 

The tendency of free caloric to an equilibrium, to* 
gether with its solvent power, are likewise connected 
with the phenomena of rain, of dew, &c.^ When a 
cloud of a certain temperature happens to pass through 
a colder region pf the atmosphere, it parts with a por-» 
tion of its heat to the surrounding air ; the quantity of 
caloric therefore, which served to keep the cloud in a 
»tate of vapour, being diminished, the watery particles 
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approach each other, and form themselves into drops 
of water, which being heavier than the atmosphere, 
descend to the earth.^ There are also other circum- 
stances, and particularly the variation in the weight of 
the atmosphere, which may contribute to the formation 
of rain. This however, is an intricate subject, into 
which we cannot more fully enter at present. 

Emily. But in what manner do you account for the 
formation of dew ? 

Mrs, B. 'During the heat of the day the air is able 
to retain a greater quantity of vapour in a state of so- 
lution, than either in the morning or evening. As 
soon, therefore, as a diminution of heat takes place to- 
wards sunset, a quantity of vapour is condensed, and 
falls to the ground in form of dew^ The morning 
dew, on the contrary, rises from the earth ; but when 
the sun has emitted a sufficient quantity of caloric to 
dissolve it, it becomes invisible in the atmosphere. 
When once the dew, or any liquid whatever, is per-, 
fectly dissolved by the air, it occasions no humidity ; it 
is only when in a state of imperfect solution, and iloat* 
ing in the form of watery, vapour in the atmosphere^ 
that it produces dampness. 

Caroline, I have often observed, Mrs'B. that when 
I walk out in frosty weather, with a veil over my face, 
my breajth freezes upon it. Pray what is the reason of 
that ? 

Mrs^ B/\i is because the cold air immediately seizes 
on the caloric of your breath, and reduces it, by rob* 
bing it of its solvent, to a denser Huid, whiph is the 
watery vapour that settles on your veil, and there it 
continues parting with its caloric till it is brought do^vn 
to the temperature of the atn\osphere, and assumes 
^e form of ice.y 

You may, perhaps, have observed that the breath of 
animals, or rather the moisture contained in it, is visi- 
ble during a frost, but not in warm weather.* ( In the 
latter case, the air is capable of retaining it in a state 

* Unless in very damp weather, when the atmosphere is aU 
fcady saturated with mQinurc. 
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of solution, whilst in the former, the cold condenses k 
into visible vigour j^and for the same reason, the steam 
arising from water that is warmer than the atmosphere^ 
is visible. Have you never taken notice of the vapour 
rising from your hands after having dipped them into 

warm water : 

« 

Caro&ne, Often; especially in frosty weather ? 

Mr9, B, When a bottle of wine is taken fresh from, 
the cellar (in summer particularly), it will soon be cov-. 
ered with dew ; and even the glasses in which the wine 
is poured will be moistened with a similar vapour. Let 
me hear if you can account for this ? 

Emily, ^ The bottle is colder than the surrounding air, 
therefore it must absord caloric from it ; th^ moisture 
which that air held in soluti(»i must become visible, and 
form the dew which is deposited on the bottle. ^ 

Mr9. B, Vei7 well, Emily. Now, Caroline, can 
you tell me why, in a warm room, or close carriage^ 
the contrary effect takes place ; that is to say, that the 
inside of the windows a s covei*ed with vapour ? 

dro^Swwf/'l have he thatrit proceeds from the 
breath of those within . carriage ^ and I suppose it is 
occasioned by the windows which, being colder than 
the breath, deprive it of part of its caloric, and by this 
means convert it into a watery vapour.^ 

J^a, Bi Very well, my dear : I am extremely 
glad to find that you both understand the subject so well. 

We have already obscr'/ed that pressure is an d}Sta* 
cle to evaporation : there are liquids that contain so 
great a quantity of caloric, and whose particles conse» 
quently adhere so slightly together, that th^y may be 
converted into vapour without any elevation of tempera* 
ture, merely by taking off the ^^eight of the s^mos* 
phere* In such liquids, you perceive, it is the pres* 
sure of the atmosphere alone that connects their parti^r 
cles and keeps them in a liquid state* 

Caroline. I do not well understand why the particles 
ef such fluids should be disunited and converted inta 
vapour, without any addkion of heat, in spite of the 
attraction of cohesion ? 

E 2 
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Mra» B, It is because the quantity of caloric wliich 
enters into the formation of these fiuidfi is sufHcient to 
overcome their attraction of cohesion. Ether is of 
this description ; it will boil and be converted' intova^ 
pour, without any application of heat, if the pressure 
of the atmosphere be taken off,j 

Emily, I thought that ether would evaporate with-* 
out either taking away the pressure of the atmosphere, 
or applying heat, and that it was for that reason sa 
necessary to keep it carefully corked up. 

Mr8^, B^ That is true ; but in this case k will evap^ 
orate but very slowly. I am going to show you how 
suddenly the ether in this phial will be conver-ted inta 
vapour, by means of the air pump. — Observe with what- 
rapidity the bubbles ascend, as I take off the pressure 
of the atmosphere. 

Caroline. It positively boils s how singular to see a. 
liquid boil without heat \ 

Mr»^ B, Now I shaft place the phiial of ether in. 
this glass, which k nearly iits^ so as to leave only a 
small space^ which I fill with water ; and in this state 
I put it again under the receiver. (Plate IV. F^, 6.^* 
•—You will observe^ as I e:!ihaust the dj^ ivoxa it, that 
tt^stthe ether boils, the water freezes.. 

CdroBne, It is indeed wcHiderful to see water freeze 
by means of a boiling fluid ! 

Endly, There is another circumstance which I an* 
unable to account for. How can the ether change to a 
state of vapour, without an addition of caloric ; for il 
must contain more caloric in a state of vapour, than \vk, 
a state of liquidity ; and though you say that it is thie 

^ Two pieces of thin glass tttl>et, sealed at one end, might 
answer this purpose better. The experiment, however, as hcr#- 
described, is difficnh, and requires a very nice apparatus. But 
tf instead of phials or tabes, twa watch glasses be used, wates 
may be frozen almost instandy in the same manner. The two. 
glasses are placed over one another, with a few drops of water 
interposed between them, and the uppermost glass is filled with 
ether. After working the pump for a minute or two, the glasses 
are found to adhere scrong ly togethor, and a thi|i layer of ice ia 
Ken bcMreen theih. 
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pressure of the atmosphere which condenses ft into i^ 
liquid, it must be, I suppose, by forcing out part of tho 
caloric that belongs to it when in an aeriform state I 

Mrs, B, You are right. Ether, in a liquid state, 
does not contain a sufficient quantity of caloric to become 
vapour. I ha^'e therefore, two difficulties to explain } 
first, from whence the ether obtains the caloric neces* 
sary to convert it into vapour when it is relieved from 
the pressure of the atmosphere ; and, secmi^y, what 
is the reason that the water, in which the bottle ef ether 
stands, is frozen \ 

CaroSne, Ndw I think I can answer both these ques« 
tions. ^The ether obtains the addition of caloric requir* 
ed from the water in the glass.; and the loss of caloric, 
which the latter sustains, is the occasion of its freezing^^ 

Mrs^ B. You are perfectly right j and if you look at 
the thermometer which I have placed in the wateFy 
whilst I am working the pump, you will see that every 
time bubbles of vapour are produced, the mercury de-* 
scends ; which proves that the heat of the water dimin% 
ishes in proportion as the ether boijs. 

ErnUy. This I understand now very well ; but if the 
water freezes in consequence of yielding its caloric to. 
. the ether^ the equilibrium of heat must in this case, be 
lotally destroyed ^ Yet you have told u^ that bodies of 
.a different tem|>erature are always communicatijig their 
heat to each cxther, tUl it becomes every where equal ; 
and besides, I do. not see why the water, though origi* 
nally of the same temperature as the ether, gives ouit 
caloric to, it, till the water is fix>zeu and the ether miadQ 
to boil. 

Mra, B. I suspected that you would make these 6h^ 
jections ; and in order to renoove them, I enclosed two 
thermometers in the air-^pump ; one of which stands in 
the glass of water, the other in the phk^l of ether ; and, 
you may see that the equilibrium of temperature is not 
destroyed ; for&s the thermometer descends in the wa-. 
ter, that in the ether sinks in the same mannbr ; so that 
both thermometers indicate the same temperature, 
though one of them is in »i boiling, the other in ^t-freeaj* 
ingUquidty 
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Emily. The ether then becomes colder as it boils ? 
» This is so contrary to common experience, that I con- 
fess it astonishes me exceedingly. 

Caroline. It is, indeed, a most extraordinary circum- 
stance. But pray how do you account for it ? 

Mr8. B. I cannot satisfy your curiosity at present ; 
for before we can attempt to explain this apparent par- 
adox, we must become acquainted with the subject of 
LATENT HEAT ; and that, I think, we must defer till our 
next iotei-vie^v. 

Caroline. I believe, Mrs. B. that you are glad to put 
off the explanation ; for it must be a very difficult point 
to account for. 

Mrs. B. I hope, however^ that I shall do it to your 
complete Satisfaction. ^ \ 

Ermly. But iMefore we part, give me leave to ask 
you one question. Would BOt water, as Well as ether, 
boil -with less heat, if the pressure of the atmosphere 
were taken off ? 

Mrs. B. / Undoubtedly. * You muj&t always recollect 
thattherc are two forces to overcome, in order to make 
a liquid boil, or evaporate ; the attraction of aggrega- 
tion, and the weight of the atmosphere.^ On the sum- 
mit of a high mountain (as Mr. De Saussure ascertain- 
ed on Mount Blanc) less heat is required to make water 
boil than in th^ plain, where the weight of the atmos- 
phere is greater. But I can show you a very pretty ex- 
periment, which proves the effect of the' pressure of 
the atmosphere in this respect. 

Observe, that this Florence flask is about half full of 
water, and the upper half of invisible vapour, the water 
being in the act of boiling.-~I take it from the lamp and 
cork it carefully — the water, you see, immediately 
ceases boiling. — I shall now wrap a cold wet cloth round 
the upper part of the flask* 

Caroline But look, Mrs. B. the water begins to boil 

* Or the whole flask may be dipped in a bason of cold water.. 
In order to (how how much the water cools whilst it is boiling, a 
thermoineter, graduated on the tubs itself, may be introduced ia- 
to the bottle tl^ough the cork. 
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again, although the wet cloth must rob It more and 
more of its caloric I What can be the reason of that ? 

Mrs, B, Let us examine its temperature. You see 
the thermometer immersed in it remsdns stationaiy at 
180 degrees, which is about 30 degrees below the boil- 
ing point. When I took the flask from the lamp, I ob» 
served to you that the upper part of it was filled with 
vapour ; this being compelled to yield its caloric to the 
wet cloth, was again converted into water— What then 
filled the upper part of the flask ? 

Evfdly^ Nothing ; for it was too well corked for the 
air to gain admittance, and therefore the upper part of 
the flask must be a vacuum. 

Mrs, B^ If the upper part of the flask be a vacuum^ 
the water below no longer sustains the pressure of the 
atmosphere, and will therefore bcul at a much lower 
temperature. Thus, you see, though it had lost many 
degrees of hqat, it began boiling again the instant thq 
vacuum was formed above it. The boiling has now 
ceased : if it had been ether, instead of water, it would 
have continued boiling much longer; bat water being a 
more dense fluids requires a more considerable quantity 
of caloric to make it evaporate, even when the pressure 
of the atmosphere is removed. 

£nttlt/^ Butif the pressure of the atmosphere keeps 
the particles of ether together, why docs it evaporate 
when exposed to the air ? Nay, does not even water, 
the particles of which adhere so strongly together, slowt 
ly evaporate in the atmosphere ? 

Mrs, B. I have already told you that air has the 
power of keeping a certain quantity of vapour in solu-t 
tion at any known temperature j and being constantly 
in a state of motion, and incessantly renewing itself on 
the surface of the liquid, it skims off, and gi-adualiy 
dissolves new quantities of vapcwir. Water also has ' 
the power of absorbing a certain quantity of air, so that 
their action on each other is reciprocal ; the air thus 
enclosed in water is that which you see evaporate in 
bubbles when water is heated previous to its boiling. 

Efmly. What proportion of vapour can air CQUUb 
kk ^ State of sqIuUqu I 
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Mrs. B, 1 do not know whether ithas been exactly 
ascertained by experiment ; but at any rate this pro- 
portion must vary, both according to the temperature - 
and the weight of the atmosphere ; for the lower the 
temperature, and the greater the pressure, the small- 
er must be the proportion of vapour that air can con* 
tain in a state of solution. But we have dwelt so long 
on Hie subject of free caloric, that we must reserve the 
other modifications of that fluid to our next meeting, 
lyhen we shall endeavour to proceed more rapidly. 



Contiersfation iv. 

On specific Heafy Latent Heat^ and Chemical 

Heat. 



Mrs. B. 

Wj^ are now to examine the three other modifica- 
tions of caloric. 

Caroline, I am very curious to know of what nature 
they can be ; for I have no notion of any kind of heat 
that is not perceptible to the senses, 

Mrs. JB, In order to enable you to understand them, 
it will be necessary to enter into some previous expla- 
nations, * 

/ It has been discovered by modem chemists, that 
bodies of a different nature, heated to the same temper- 
ature, do not contain the same quantity of caloric./ 
Caroline. How could that be ascertained ? 

Mrs. B. fit was found that, in order to raise the 
temperature of different bodies the same number of de- 
grees, different quantities of caloric were required for 
giicb of tj)^m. It, for instance, yo# place a pound of 
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ieady a pound of chalk, and .a pound of milk* in a hot 
oven, they will be gradually heated to the temperature 
of the oven ; but the lead will attain it first, the chalk 
next, and the milk last. ^ 

Emily, As they were all of the sa|ne weight, and 
e:xposed to the same heat, I should have thought that 
they would have attained the temperature of the oven 
at the same time. 

Caroline. And how is it that they do not ? 
' Mr^, B. It is supposed to be on account of the differ* 
ent capacity of these bodies for caloric. 

Caroline. What do you mean by the capacity of a 
body for caloric ? 

Mrs. B.^1 mean a certain disposition of bodies to 
admit more or less caloric between their minute par- 
ticles, y 

Let us put as many marbles into this glass as it will 
contain, and pour some sand over them— observe how 
the sand penetrates and lodges between them. We 
shall now fill another glass with pebbles of various forms 
—you see that they arrange themselves in a more com- 
pact manner than the marbles, which, being globular, 
can touch each other by a single point only. The peb- 
bles, therefore, will not admit so much sand between 
them ; and consequently one of these glasses will ne- 
cessarily contain more sand than the other, though 
both of them be equally full. 

Caroline. This I understand perfectly. The mar- 
bles and the pebbles represent two bodies of different 
kinds, and the sand the caloric contained in them ; and 
it appears very plain, from this comparison, that one 
body may admit of more caloric between its particles 
than another. 

Mrs, B, If you understand this, you can no longer 
be surprised that bodies of a different capacity for caloric 
should require different proportions of that fluid to raise 
their temperatures equally. 

Emily, But I do not understand why the body that 
contains the mo|t caloric should not be of the highest 
temperature ; tliat is to say, feel hot in proportion to the 
(Quantity of caloric it contains ? 
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Mrs. B. ^The caloric that is employed in filling the 
capadty of a body, is not free caloric ; but it is imprir 
soned as it were in the body, and is therefore imper- 
ceptible j/ for we can feel only the free radiating caloric 
which the body parts with, and not that which it re- 
tains. 

Cdroiine. It appears to me very extraordmary that heat 
should be confined in a body in such a manner as to be 
imperceptibler. 

Mrs, B, ^If you lay your hand on a hot body, you 
feel only the caloric which leaves it, and enters your 
hand ; for it is impossible that you should be sensible 
of that which remains in the body. The thermometer, 
in the same manner, is affected only by the free caloric 
which a body transmits to it, and not at all by that which ^ 

it does not part with.^ You see therefore, that the 
temperature of bodies can be msed only by free ridiat- 
ing caloric. 

CaroUne, I begin to understand it; but I confess 
that the idea of insensible heat is so new and strange to 
me, that it requires some time to render it familiar. 

Mrs, B, Call it insensible caloric, and the difficulty 
will appear much less formidable. It is indeed a sort 
of contradiction to call it heat, when it is so situated as 
to be incapable of producbg diat sensation. 

Errdly, Yet is it not this modification of caloric 
which is called specific heat ? 

Mrs, B, It is so ; but it certainly would have been 
more correct to have called it specific caloric, 

Emily, I do not understand how tlie term specific ap- 
plies to this modification of caloric ? 

Mrs, B, /it expresses the relative quantity of calor- 
ic which different bodies of the same weight and tem- j 
perature are capable of containing.^ This modification 
is also frequently called heat of capacity^ a term per- 
haps preferable, as it explains better its own meaning. \ 

You now understand, I suppose, why the milk and 
chalk required a longer time than the lead to raise their 
temperature to that of the oven ? 

Ewiiy, Yes : the milk and chalk having a greater 
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capacity for caloric than the lead, a greater proportion 
of that fluid became insensible in those bodies ; an# 
the more slowly, therefore, nheir temperature was 
raised. 

Mrs, B, You arc quite right. And could we mea- 
sure the heat communicated by the oven to these three 
bodies, we should find, that though they have all ulti- 
mately reached the same temperature, yet 4hey have 
absorbed different quantities of heat according to their 
respective capacities for caloric ; that is to say, the 
milk most, the chalk next, and the lead least. 

Emily, But supposing that these three bodies were 
made much hotter, would heat continue to become in- 
sensible in them, or is there any point beyond which 
the capacity of bodies for caloric is so completely filled, 
that their heat^of temperature can alone be increased l 

Mrs, B. No : there is no such point ; for the capa- 
city of bodies for caloric always increases or diminishes 
in proportion to their temperature ; so tliat whenever 
a body is exposed to an elevation of temperature, part 
of the caloric it receives is detained in an insensible 
state, in order to fill up its increased capacity. 

Emily. The more dense a body is, I suppose, tlie 
less is its capacity for caloric. 

iV/r«. B. That is the case with every individual 
body ; its capacity is least when solid, greater when 
melted and most considerable whea converted into va- 
X)our. But this does not always hold good with respect 
to^ bodies of different nature ; iron, for instance, con- 
tains more specific heat than ashes, though it is cer- 
tainly much more dense. This seems to show that 
specific heat does not merely depend upon the inter- 
stices between the particles \ but, probably, also upon 
some peculiar power of attraction for caloric. The 
word capacity therefore, which is generally used, is 
not perhaps strictly correct ; but until we are better 
acquainted with the nature and cause of specific heat, 
we cannot adopt a more appropriate term. 

Endly, But, Mrs. B. it would appear to me more 
proper to compare bodies by measure^ rather than by 
vfdght^ m, order to estimate their specific heat. Why, 

F 
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for instance, should we not compare pints of milk, of 
chalk and of lead, rather than /^owTwfe of. those substan- 
ces ; for equal weights may be composed of very differ- 
ent quantities ? 

Mrs, B, You are mistaken, my dear : equal weights 
must contain equal quantities^of mattef ; and when we 
wish to know what is the relative quantity of caloric, 
which substances of various kinds are capable of con- 
taining, under the same temperature, we m\ist com- 
pare equal weights, and not equal bulks of those sub- 
stances. Bodies of the same weight may undoubtedly 
be of very difierent dimensions ; but that does not 
change the real quantity of matter. A pound of feath- 
ers does not contain one atom more than a pound of 
lead. 

Caroline. I have another difficulty to 'propose. It 
appears to me, that if the temperature of ihe three 
bodies in the oven did not rise equally, they^ would nev- 
er reach the same degree ; the lead would always 
keep its advantage over the chalk, aud milk, and woidd 
perhaps be boiling before the others had attained the 
temperature of the oven. I think you might as well 
say that, in the course of time, you and I should be of 
the same age ? 

Mrs, B, Your comparison is not correct, my dear. 
As soon as the lead reached the temperature of the 
oven, it would remain stationary ; for it would then give 
out as much heat as it would receive. You should re- 
collect that the exchange of radiating heat, between 
two bodies of equal temperature, is equal ; it would 
be impossible, therefore, for the lead to accumulate 
heat after having attained the temperature of the oven ; 
and that of the chalk and milk therefore would ultimate- 
ly arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that, 
as long as I live, I shall never cease to keep my ad- 
vantage over you. 

Emily, I think that I have found a comparison for 
specific heat, which is very applicable. Suppose that 
two men of equal weight and bulk, but who required 
different quantities of food to satisfy their appetites, sit 



( 51 ) 

down to dinner) both equally hungry ; the one would 
consume a much greater quantity of provisions than 
the other, in order to he equally satisfied. 

Mrs. B. Yes, that is very fair ; for the quantity of 
food necessary to satisfy their respective appetites, 
varies in the same manner as the quantity of caloric 
requisite to raise equally the temperature of diflerent 
bodies. 

Mmily, The thermometer, then, affords no indica- 
tion of the specific heat of bodies ? 

Mrs, B, None at all : no more than satiety is a test 
of the quantity of food eaten. The thermometer, as I 
have repeatedly said, ain be affected only by a free or 
radiating caloric, which alone raises the tempeiature 
of bodies. 

ETTiily, And is there no method of measuring the 
comparative quantities of caloric absorbed in the oven 
by the lead, the chalky and the milk ? 

Mrs. B. It may be done by cooling them to the 
same degree in an apparatus adapted to receive and 
measure the caloric virhich they give out. Thus, if you 
plunge them into three equal quantities of water, each 
at the same temperature, you will be able to judge of 
the relative quantity of caloric which the three bodies 
contained, by that, which, in cooling, they communi- 
cated to their respective portions of water ; for the 
same quantity of caloric which they each absorbed to 
raise their temperature, will abandon them in lower- 
ing it; and on examining the three vessels of water, 
you will find the one in which you immersed the lead 
to be the least heated ; that which contained the chalk 
will he the next ; and that which contained the milk 
will be heated the most of all. The celebrated J^avoi- 
sier has invented a machine to estimate, upon this prin- 
ciple, the specific heat of bodies in a more perfect 
manner ; but I cannot explain it to you, till you are ac- 
quainted with the next modification of caloric, which is 
called latent heat, 

CaroUne, And pray what kind of heat is that ? 

Mrs. B. It is so analogous to specific heat, that most 
chemists make no distinction between them ; but Mr. 
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Pictet, inhis£ssayon fire, has so judiciously discrimi* 
nated them, that I think his view of the subject may 
contribute to render it clearer, f We therefore call lateru 
heat (a name that was first used by Dr. Black) that por- 
tion of insensible caloric which is employed in change 
ing the state of bodies ; that is to say, in converting 
solids into liquids, or liquids into vapour.y The heat 
which performs these changes becomes fixed in the 
body which it has transformed, and, as it is perfectly 
concealed from our senses, it has obtained the name of 
latent heat. 

Caroline, I think it would be much more correct to 
call this modification latent caloric, uistead of latent 
heat,, since it does not excite the sensation of heat. 

Mrs. B. That remark is equally applicable to both 
the modifications of specific and latent heat ; but we 
must not presume (unless amongst ourselves in order 
to explain the subject) to alter terms which are still 
used by much better chemists than ourselves. And, 
besides, you must not suppose that the nature of heat 
is altered by being variously modified : for if latent heat, 
and specific heat, do not excite the same sensations as 
free caloric, it is owing to their being in a state of con.- 
finement, which prevents them from acting upon our 
organs ; and, consequently, as soon as they are extri- 
cated from the body in which they are imprisoned, they 
return to their state of free caloric. 

Emily, But I do not yet clearly see in what respect 
latent heat differs from specific heat ; for they are both 
of them imprisoned and concealed in bodies? 

Mrs, B, i Specific heat is that which is employed in 
filling the capacity of a body for caloric, in the state in 
which this body actually exists ; while latent heat is 
that which is employed only in effecting a change oj 
state, that is, in converting bodies from a solid to a 
liquidj^or from a liquid to an aeriform state.jB^t I think 
that, in a general point of view, both these modificar 
tions might be comprehended under the name of heat 
of cafiadty^ as in both cases the caloric is equally en- 
gaged in filling the capacities of lx)dies. 

I shall now show you ap experiment which I bope 
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vfUl give you a clear idea of what is understood by 
latent heat. 

The snow which you see in this phial, has been cool- 
ed by certain chemical means (which I cannot well 
explain to you at present), to 5 degrees below the freez- 
ing.point, as you will find indicated by the thermometer, 
which is placed in it. We shall expose it to the heat 
of a lamp, aud you will see the thermometer gradually 
rise, till it reaches the freezing poin t - 

Emily, But there the thermometer stops, Mrs. B. 
and yet the lamp burns just as well as before. Why is 
not its heat communicated to the thermometer ? 

Caroline And the snow begins to melt, therefore it 
must be rising above the freezing point ? 

Mrs. B, i The heat no longer affects the thermome- 
ter, because it is wholly employed in converting the ice 
into water. As the ice melts, the caloric becomes 
latent in the new formed liquid, and therefore cannot 
raise its temperature ; and the thermometer will con- 
sequently remain stationary, till the whole of the ice 
be melted.^ 

Caroline. Now it is all melted, and the thermometer 
begins to rise again. 

Mrs. B, /Because the conversion of the ice into 
water being completed, the caloric no longer becomes 
latent ; and therefore the heat which the water now 
receives raises its temperaturciji as you find the ther- 
mometer indicates.^ 

EmUy* But I do not think that the thermometer 
rises so quickly in the water, as it did in the ice, pre- 
vious to its beginning to melt, though the lamp burns 
equally well ? 

Mrs, B, That is owing to the different specific heat 
of ice and water. The capacity of water for caloric 
being greater than that of ice, more heat is required 
to raise its temperature, and therefore the thermome- 
ter rises slower in the water than in the ice. 

Emily. True ; you said that a solid body always in- 
creased its capacity for heat by becoming fluid j aiad 

this is an instance of it, 

F3 
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Mrs, B. But be careful not to confound this with 
latent heat. 

Endly. On the contrary, I think that this example 
distinguishes them extremely well ; for though they 
both go into an insensible state, yet they differ in this 
respect, that the specific heat fills the capacity of the 
body in the state in which it exists,, while latent heat 
changes that state, and is afterwards employed in main- 
taining the body in its new form. 

CaroUne, Now, Mrs. B. the water begins to boil, and 
the thermometer is again stationary. 

Mrs, B. Well, Caroline, it is your turn to explain 
the phenomenon. 

Caroline, It is wonderfully curious. '^ The caloric is 
now busy in changing the water into steam, in which 
it hides itself and. becomes insensible. This is another 
example of latent heat, producing a change of form. 
At first it converted a solid body into a liquid, and now 
it turns the liquid into vapour !y 

Mrs, B, You see, my dear, how easily you have 
become acquainted with these modifications of insensi- 
ble heat, which at first appeared so unintelligible. 
If, now, we were to reverse these changes, and con- 
dense the vapour into water, and the water into ice, 
the latent heat would re-appear entirely, in the form of 
free caloric. 

Emily, Pray do let ns see the effect of latent heat 
returning to its natural form. 

Mrs, B, For the purpose of shewing this, we need 
simply conduct the vapour through this tube into this^ 
vessel of cold water, where it will i>art with its latent 
heat and retura to its liquid form. 

Emily, How rapidly the steam heats the water ! 

Mrs, B. That is because it docs not merely impart 
its free caloric to the water, but likewise its latent heat. 
This metliod of heating liquids has been turned to ad- 
vantage, in several economical establishments, z' At 
Leeds, for instance^ there is a large dye-house, in which 
a great number of coppers are kept boiling by means of 
a single one, which is situated without the building, 
and which alone is heated by fire. The steam of this 
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last is conveyed through pipes into the bottom of caeh 
of the other coppers, and it appears extremely singu- 
lar to see all these coppers boilii>g, though there is not 
a particle of fire in the place, j 

Caroline. That is an admirable contrivance, and I 
wonder that it is not in common use. 

Mrs. B. The steam kitchens, which are getting 
into such general use, are upon the same principle. 
The steam is conveyed through a pipe in a similar 
manner, into the vessels which contain the provisions 
to be dressed, where it communicates to them its latent 
caloric, and returns to the state of water. Count Rum- 
ford makes great use of this pruiciple in many of his 
fire-places : his grand maxim is to avoid all unnecessary 
waste of caloric, for which puipose he confines the 
heat in such a manner, that not a particle of it shall un- 
necessarily escape ; and while lie economises the free 
caloric, he takes care also to turn the latent heat to ad- 
vantage. It is thus that he is enabled to produce a de- 
gree of heat superior to that which is obtained in com- 
mon fire-places, though he employs but half the quan- 
tity of fuel. 

Erttily. When the advantages of -such contrivances 
are so clear and plain, I cannot understand why they 
are not universally used. 

Mrs. B. A long time is always required before in- 
novations, however useful, can be reconciled with the 
prejudices of the vulgar. 

Emily. What a pity it is that there should be a 
prejudice against new inventions; how much more 
rapidly the world would improve, if such useful dis- 
coveries were immediately, and universally adopted \ 

Mrs. B. I believe, my dear, that there are as many 
novelties attempted to be introduced, the adoption of 
which would be prejudicial to society, as there are of 
those which would be beneficial to it. The well inform- 
ed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging 
what is likely or not to prove serviceable ; and therefore 
we find the former more ready to adopt such discove- 
ries as promise to be really advantageous^ than the lat- 
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ter, who, having no other test of the value of a novelty 
but time and experience, at first oppose its introduc- 
tion. The well infonned are, however, fi'equently dis- 
appointed in their most sanguine expectations, and the 
prejudices of the vulgar though they often retard the 
progress of knowledge, yet sometimes, it must be ad- 
mitted, prevent the propagation of error. — But we are 
deviating from our subject. We have converted steam 
into water, and are now to change water into ice, in or- 
der to render the latent heat sensible, as it escapes 
from the water on its becoming solid. For this pur- 
pose we must produce a degi*ee of cold that will make 
water freeze. 

Caroline, That must be very difficult to accomplish 
in this wanii room* 

Mrs, B, Not so much so as you think. There are 
certain chemical mixtures which produce a rapid change 
^rom the solid to the fluid state, or the reverse, in the 
substances combined, in consequence of which change 
latent heat is either extricated or absorbed. 

JSmly, I do not quite understand you. 

Mrs. B^ This snow and salt, which you see me 
mix together, are melting i^pidly ; heat, therefore 
must be absorbed by the mixture, and cold produced. 

Caroline, It feels even colder than ice, and yet the 
snow is melted. This is very extraordinary. 

Mrs, B. f The cause of the intense cold of the mix- 
ture is to be attributed to the change from a solid to a 
fluid state. The union of the snow and sftilt produces a 
new arrangement of their particles, in consequence of 
which they become liquid, and the quantity of caloric 
required to effect tliis change is seized upon by the 
mixture wherever it can be obtained,^ This eagerness 
of the mixture for caloric, during its liquefaction, is 
such, that it converts part of its own free caloric into 
latent heat, and it is thus that its temperature is lowered. 

EanUy, Whatever you put into this mixture there^ 
fore, would freeze \ 

Mrs, B, Yes \ at least any fluid that is susceptible 
of freezing at that temperature ; for the exchange of 
radifint heat would always be in favour of the cold mix- 
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ture, until an equilibrium of temperature was establish- 
ed ; therefore unless the body immersed contsdned 
more free caloric than would become latent in the mixr 
ture during its conversion into a liquid^ the former must 
ultimately give out its latent heat till it cools dovni to 
the temperature of the latter* I have prepared this 
mixture of salt and snow for the purpose of freezing the 
water from which you are desirous of seeing the latent 
heat escape. I have put a thermometer in the glass of 
water that is to be frozen, in order that you may ob« 
serve how it cool s 

Cc^roline. The thermometer decends, but the heat 
which the water is now losing, is its/ree^ not its latent 
heat ? 

Mrs, B, Certainly ; it does not part with its latent 
heat till it changes its state and is conveited into ice. 

Endly. But here is a very extraordinary circum* 
stance ! The thermometer is fallen below the freeaing 
point, and yet the water is npt frozen. 

Mrs, B, That is always the case previous to the 
freezing of water when it is in a state of rest. Now it 
begins to congeal, and you may observe that the ther* 
mometer again ri$^s to the freezing point, 

CqroUnc, It appears to me very strange that the 
thermometer should rise the very moment that the wa* 
ter freezes ; for it seems to imply that the water was 
colder before it froze than when in the act of freezing, 

Mrs. B, It is so ; and after our long dissertation on 
this circumstance, I did not think that it would appear 
so surprising to you. Reflect a little, aivd J think yov* 
will discover the reason of it. 

Caroline, /"it must be, no doubt, the extrication of 
latent heat, at the instant the water freezes, that raises 
the temperature. ^ 

Mrs. B, Certainly ; and if you now examine the 
thermometer, you will find that its rise was but tempo* 
rary, and lasted only during the disengagement of the 
latent heat ; it has since fallen and will continue to fall 
till the ice and mixture are of an equal temperature, 
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Emily. And can you show us any experiments .in 
which liquids, by being mixed, become solid, and dis- 
engage latent heat ? 

Mrs, B, I could show you several ; but you are not 
yet sufficiently advanced to understand them well. I 
shall, however, try one which will afford you a striking 
instance of the fact. The fluid which you see in this 
phial consists of a quantity of a certain salt called muriat 
ofUme^ dissolved in water. Now if I pour into it a few 
drops of this other fluid, called sulfuric acid, the whole 
or very nearly the whole, will be instantaneously con- 
verted into a solid mass. 

Emily. How white it turns ! I feel the latent heat 
escaping, for the bottle is warm, and the fluid is chang- 
ed to a solid white substance like chalk ! 

Caroline, This is indeed the most curious experi- 
ment we have seen yet. But pray what is that white va- 
pour that ascends from the mixture ? 

Mr€. B. You are not yet enough of a chemist to 
understand that. But take care, Caroline, do not ap- 
proach too near it, for it smells extremely strong. 

The mixture of spirit of wine and water affords 
another striking example of the extrication of latent 
heat. The particles of tliese liquids, by penetrating 
each other, change their arrangement, so as to become 
more dense, and (if I may use the expression), les« 
fluid, in consequence of which they part with a quanti- 
ty of latent heat. 

Sulphuric acid and water produce the same effect 
and even in a much greater degree. We shall try both 
these experiments, and you will feel how much heat 
which was in a latent state, is set at liberty.— -Now each 
of you take hold of one of these glasses — '. — 

Caroline, I cannot hold mine ; I am sure it is as hot 
as boiling water. 

Mrs, B, Your glass, which contsdns the sulphuric 
acid and watec, is indeed^ of as high a temperature as 
boiling water ;' but you do not find yours so hot, Emily ? 

Emily, Not quite. But why are not these liquids 
converted into solids by the extrication of their latent 
heat ? 
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Mn. B. Because they part only with a portion of 
that heat, and therefore they suffer only a diminution 
of their liquidity. 

Emly, Yet they appear as perfectly liquid as they 
did before they were mixed. 

Mr8. B. They are however considerably conden- 
sed. I shall repeat the experiment in a graduated 
tube, and you will see that the two liquids, when mix- 
edy occupy less space than they did separately. This 
tube is graduated by cubit inches, and this little mea- 
sure contains exactly one cubit inch ; therefore, if I 
fill it twice, and pour its contents into the tube, they 
should fill it up to the second mark. 

Caroline, And so they do exactly. 

^ Mrs. B. Because I put two measures of the same 
liquid into the tube ; but we shall now try it with one of 
water and one of sulphuric acid ; observe the differ- 
ence — 

Emly, The two measures, this time, evidently 
take up less space, though the fluid does not appear to 
have suffered any change in its liquidity. 

Mrs, B, The two liquids, however, have undergone 
some degree of condensation from the new arrange- 
ment of their particles ; they have penetrated each 
other, so as to form a closer substance, and have thus, 
as it were, squeezed out a portion of their latent heat. 
But this change of state is certainly much less striking, 
and less complete, than when liquids are converted 
into solids. 

The slakeing of lime is another curious instance of 
the extrication of latent heat. Have you never obser- 
ved how quick-lime smokes when water is poured upon 
it, and how much heat it produces ? 

Caroline. Yes ; but I do not understand what change 
of state takes place in the lime that occasions its giving 
out latent heat ; for the quick-lime, which is solid, is 
(if I recollect right) reduced to powder by this opera- 
tion, and is therefore rather expanded than condensed. 

Mrs, B^lt is from the water, not the lime, that 
the latent heat is set free. The water incoi7)orates 
with, and becomes solid in the lime ; in consequence 
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of which the heat, which kept it in a liquid state, is 
disengaged and escapes into a sensible form.y 

CdroUne, I always thought that the heat originated 
in the lime. It seems, yety strange that water, and 
cold water too, should contain so much heat. 

Endly. After this extrication of caloric, the water 
must exist in a state of ice in the lime, since it parts 
with the heat which kept it liquid ? 

Mrs. B, fix cannot properly be called ice, since ice 
implies a degree of cold, at least equal to the freezing 
point. Yet as water, in combining with lime, gives 
out more heat than in freeing, it must be in a 
state of still greater solidity in the lime, than it is in the 
form of ice ; and you may have obsei'ved that it does 
not moisten or liquefy the lime in the smallest degree.^ 

Endly, But, Mrs. B. the smoke that rises is white ; 
if it was only pure caloric which escaped, we might 
feel, but could not see it. 

Mrs. B,i This white vapour is formed by some of 
the particles of lime, in a state of fine dust, which 
are carried off by the caloric. | 

Emily. In all changes of state, then, a body either 
absorbs or disengages latent heat ? 

Mrs. B. You cannot exactly say absorbs latent heat, 
as the heat becomes latent only on being confined in 
the body ; but you may say that bodies, in passing from 
a solid to a liquid form, or from the liquid state to that 
of vapour, absorbs heat ; and that when the reverse 
takes place heat is disengaged.* We have seen like- 
wise, that a body may part with some of its latent heat 
without completely changing its form, as was the case 
with the mixtures of sulphuric acid and water, and 
spirit of wine and water ; but here you must observe, 
that the condensation which forces out a portion of 
their latent heat, is occasioned by a new arrangement 
of the particles, produced by mixing tlie liquids, they 
therefore undergo a change of state, though no very 
sensible difference takes place in their foim. 

* This rule, if not u&iveraal, admits of very few exceptioDs. 
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CaroUne. All solid bodies, I suppose, must have 
parted with the whole of their latent heat ? 

Mrs, B, We cannot precisely say that ; for solid 
bodies are most of them susceptible of being brought 
to different degrees of density, during which opera- 
tion a quantity of heat is disengaged ; as it happens in 
the hammering of metals, the boring of cannon, and 
in general whenever bodies are exposed to considera- 
ble friction or violent pressure. 

It has been much disputed, however, to what modi- 
fication of heat caloric thus extricated belongs, though 
in general it has been considered as latent heat ; but it 
does not seem strictly entitled to that name, as its ex- 
trication produces no other change in the body than an 
increase of density. 

Evdly, And may not the same objection be made 
to the heat extricated from the mixtures we have just 
witnessed ? for the only alteration that is produced by 
it is a greater density. 

Mrs. B, But I observed to you, that the density was 
produced by a new arrangement of the particles, owing 
to the mixing of two different substances ; this cannot 
be the case, when heat is extricated from solid bodies 
by mere mechanical force, such as hammering me- 
tals ; no foreign particles are introduced, and ex- 
cept a closer union, no change of arrangement can 
take place. The caloric, thus extricated, seems there- 
fore to have a still more dubious title to the modification 
of latent heat, than that produced by mixtures. I know 
no other way of settling this difBculty than by calling 
them both heat of capacity, a title to which we have 
agreed that specific heat, and latent heat, have an equal 
claim. 

Enuly, We can now, I think, account for the ether 
boiling, and the water freezing in vacuo, at the same 
temperature. 

Mrs, B. Let me hear how you explain it I 

Emily. / The latent heat, which the water gave out 
in freezing, was itnmediately absorbed by the ether^ 
during its conversion into vapour ; and therefore^ from 

E 
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a latent state in one Squids it passed into a latent state 
in the other, f 

Mrs, B. But this only partly ac<^ounts for the ex- 
periment ; it remains to be explained why the tempe- 
rature of the ether^ while in a state of eballition, is 
brought down to the freeing temperature of the water. 
f It is because the ether^ dunngits evaporation, reduces 
its own temperature, in the same proportion' as that of 
the water, by converting its free caloric into latent heat ; 
so that, though one liquid boils, and the other freezes, 
their temperatures remain in a state of equilibrium, j 

Having advanced so far on the subject of heat, I 
may now give you an account of the calorimeter, an in- 
strument invented by Lavoisier, u^on the principles 
just explained, for the purpose of estimating the spe- 
cific heat of bodies, f It consists of a vessel, the inner 
surface of which is lined with ice, so as to form a sort 
of hollow globe of ice, in the midst of which tlie body, 
whose specific heat is to be ascertained, is placed. The 
ice al>sorbs caloric from this body, till it has brought 
it down to the freezing point : this caloric converts in- 
to water a certain portion of the ice which ^runs out 
through an aperture at^. the bottom of the machine ; 
and the quantity of ice changed to water is a test of 
the quantity of caloric which the body has j^ven out 
in descending from a certain temperature to the freez- 
ing point. J 

CaroUne. In this apparatus, I suppose, the milk, 
chalk, and lead, would melt different quantities of ice, 
in proportion to their different capacities for caloric ? 

Mrs, B, Certainly ; and thence we are able to as- 
certain, with precision, their respective capacities for 
heat. But the calorimeter affoi^s us no more idea 
of the absolute quantity of heat contained Jn a body, 
than the thermometer ; for though by means of it we 
extricate both the free and confined caloric, yet we ex- 
triciite them only to a certain degree, which is the 
freezing point : and we know not how much they con- 
. tain of either below that point. 

EmHy, According to this theory of latent heat, it 
appears to me the weather should be warm when it 
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freezes, and cold in a thaw : for latent heat is liberated 
fi*Qm every substance that freezes, and such a large 
supply of heat must warm the atmosphere ; whiis^ 
during a thaw, that very quantity of free heat must be 
taken from the atmosphere, and return to a latent state 
in the bodies which it thaws. 

Mrs. B, Your observation is very natui*al ; but con* 
sider, that in a frost the atmosphere is so much colder 
than the earth, that all the caloric which it takes from 
the freezing bodies is insufficient to raise its tempera* 
ture above the freezing point ; otherwise the frost must 
cease. But if the quantity of latent heat extricated 
docs not destroy the frost, it serves to moderate the 
suddenness of the change of temperature of the atmos* 
phere, at the commencement both of a frost, and of a 
thaw. In the first instance, its extiication dindnishes 
the severity of the celd ; and, in the latter, its absorp* 
tion moderates the warmth occa^oned by a thaw : it 
even sometimes produces a discemS>Ie chilly at the 
breaking up of a frost, 

' Caroline, But what are the general causes that pro* 
duce those sudden changes in the weather, especially 
from hot to cold, which we often experience \ 

Mra. B, This question would lead us into meteoror 
logical discuseions, to which I am by no means com* 
petent. One circumstance, however, we can easily un- 
derstand. When the air has p>assed over cold coun» 
tries, it will probably arrive here, at a temperature much 
below our own, and then it must absorb heat from every 
object it meets with which will produce a general fall 
of temperature. 

But I think we have now" sufficiently dwelt on the 
subject of latent heat ; we may therefore proceed to 
the last modification, which is chemical heat. /* In 
this state we consider ealoHc as one of the constituent 
parts of bodies. Like any other substance, it is sub* 
ject to the attraction of composition, and is thus ca^mi^ 
ble of being chemically combined.^ 

EmUy, In this case, then, it neither affects the ther* 
tppmpter, nor thp calorimeter, sin^e priiicipl^js ttDit#4 
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by the attraction of composition can be separated only 
by the decomposition of a body. 

Mrs, B, You are perfectly right. fWe may consid- 
er free caloric as moving constantly through the inte- 
grant particles of a body ; sfiecific and latent heat^ as 
lodging between them, and being there detained by a 
mere mechanical union ; but it is chemical heat alone 
that actually combines^ in consequence of a true chemi- 
cal affinity, with the constituent particles of bodies ; 
and this union cannot be dissolved without a decomposi- 
tion produced by superior attractions^ 

Caroline, But if this kind of heat is so perfectly con- 
cealed in the body, pray how is it known to exist ? 

Mrs. B, By being freed from its imprisonment ; for 
when the body in which it exists is decomposed, it then 
returns to the state of free caloric. This caloric, how- 
ever, seldom shews itself entirely, as part of it gene- 
rally enters into new combinations with some of the 
constituent parts of the decomposed body, and is thus 
again concealed under the form of latent heat. 

But it will be better to defer saying any thing further 
of this modification of heat at present. When we 
come to analyse compound bodies, and resolve them in- 
to their coQ&tiuent parts, we shall have many opptortu- 
pities of becoming better acquainted with it. 

Caroline^ Caloric appears to me a most wonderful 
element : but I cannot reconcile myself to the idea of 
its being a substance ; ' for it seems to be constantly act^ 
ing in opposition, both to the attraction of aggregation 
and the laws of gravity ; and yet you decidedly class it 
amongst the simple bodies, 

Mrs, B, You are not lit all singular in the doubts 
you entertain, my dear, on this point ; for although ca» 
loric is now generally believed to be a real substance, 
yet there are certainly some strong circumstances 
which seem to militate against this doctrine. 

CaroHne^ But do you^ Mrs. B, believe it to be a sub- 
stance ? 

Mrs, B, Yes, I do : but I am inclined to think, 
that its levity is, in all probability, only relative, like 
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thac of vapour which ascends through the heavier me- 
dium, air, i 

Qaroime. If that he the case, it would not ascend 
in a vacuum. 

Mr9, B, In an absolute vacuum, perhaps, it would 
Dot. But as the most complete vacuum we can obtain 
is never perfect, we may always imagine the existence 
of some unknown invisible fluid, which however light 
and subdle, may be heavier than caloric, and will grav- 
State in it. The fact has not, I believe, been yet de< 
termined by very decisive experiments ; but it appears 
from some made by Professor Pictet, mentioned in 
hb ' Essay on Fire,' that heat has a tendency to as- 
cend in the most complete vacuum which we are able 
to obtain. 

Emily, But if there exists such a subtle fluid as you 
imagine, do you not think that chemists would have 
discovered it by some of its properties ? 

Mrs. B. It has been conjectured that light might 
be such a fluid ; but I confess that I do not think it prob« 
able.: for as it appears by Dn Herschelfs experiment 
that heat is less refrangible than light, I should be 
rather inclined to think it the heavier of the? two. But, 
while you have so many well ascertained facts to learn, 
I shall not perplex you with conjectures. We have 
dwelt on the subject of caloric much longer than I in- 
tended, and I fear you will fipd it diilicult to remember 
60 long a lesson. At our next meeting we shall examine 
the nature of oxygen and nitrogen, two substances with 
which you must now be made acquainted. 
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CdroUne, I thought you said that we were to leam 
the nature of oxygen and xi-^bogen, which come 
next in our table of simple bodies? 

Mrs. B, And so you shall : the atmosphere is com- 
posed of these two piinciples ; we shall therefore 
analyse it, and consider, its component parts separately. 

Emily, I always thought that the atmosphere had 
been a very complicated fluid, composed of all the 
variety of exhalations from the earth. 

Mt&, J5. In a general point of view, it may be said 
to consist of all the substances capable of existing, in 
an aeriform state, at the comm(») temperature of our 
globe. But, laying aside these heterogenous ard ac* 
cidental substances (which rather float in the jitmos* 
phere than form any of its component parts), it con- 
sists of an elastic fiufd called atmospherical air» 
which is composed of two gasses, known by the name a 

of OXYGEN GAS a,nd NITROGEN QT AZOTIC GAS* 

Mmly. Pray what is a gas ? 

I\frs, B, The name of gas is given to any aeriform 
Qu)^, whkh consists of some substances chemically 
cQDfibined with caloric, and capable of existing con. 
st^tly in at^ aeriform state, under the pressure^ and at 
the temperature of the atmosphere. Every individual 
gas is therefore com|X)sed of two parts : 1st, the par- 
ticular substance that is converted into a gas, by calor- 
ic ; this is caUed the basis of the gas, as it is from it 
that the gas derives all its specific and chai^cteristic 
properties : and 2dly, the caloric, which, t^ ks chem* 
icai combination with the basb, ccH^stitutes it a gas, or 
permanently elastic fluid. 

Mndiy, When you speak then of the simple sub- 
stances, oxygen and nitrogen^ you mean to express^ 
those substances which are the basis of the two gasses, 
independently of caloric ? 

Mrs, B. Yes, in strict propriety ; and they should 
be called gasses, only when brought, by their combi- 
nation with caloric, to an aerifbrmn>tate. 

Caroline, Is not watety or any other substance^ when 
Evaporated by heat> called aho a gaa ? 
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Mrs. B, No, my dear ; vapour is, indeed, an elas- 
tic fluid, and bears so strong a resemblance to a gas, 
that there is some danger of confounding them ; there 
are however, several points in which they essentially 
differ, and by which you may always distinguish them. 

Vapour is nothing more than the solution, or me-» 
chanical division, of any substasce whatever in caloric* 
The caloric, in this case, becomes latent in the vapour ; 
but its union with it is very slight, and as we have seen 
in a variety of instances, it is necessary only to lower 
the temperature in order to separate them. But« to 
forma ^^ovfiermanently elastic fluid, a chemical com- 
bination must take place between the caloric and the 
subtance, at the time of its being convened into a gase- 
ous state ; it is necessaiy therefore, that there should 
be an afiBnitv between them, and hence thei# combina- 
tion cannot be destroyed by a mere change of tempera- 
ture, or by any chemical agents, except such as have 
a stronger aflinity, for eitlier of the constituents of the 
gas, and by that means effect its decomposition. 

Caroline, Indeed, I ought not to have forgotten that 
caloric, in vapour, is only lateniy and not chemically 
combined. But pray, Mrs. B. what kinds of sub- 
stances are oxygen and nitrogen, when not in a gaseous 
state I 

Mr^, B, We have never been able to obtain these 
substances in their pure simple state, because we can- 
not separate them entirely either from caloric or from 
the other bodies with which we find them united ; it is 
therefore only by their effects in combining with other 
substances that we are acquainted with them 

Caroline. How much more sads^^ictory it would be 
if we could see them 1 

Ernily, In what proportions are they combbed in 
the atmosphere ? 

Mrs.B, The oxygen gas constitutes about one- 
fourth, and the nitrogen gas three-fourths. When 
separated, they are found to possess qualities totally 
different from each other. Pure oxygen gas is essen- 
tial both to respiration and combustion, while neither of 
Uiese processes can be performed in nitrogen gas. 
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Caroline. But since nitrogen gas is unfit for respira- 
tion, how does it happen that the three fourths of this 
gas, which enter into the composition of the atmos- 
phere, are not a great impediment to breathing ? 

Jklrs, B, We should breath more freely than our 
kings could bear, if we respired oxygen gas alone. 
The nitrogen is no impediment either to respiration, 
or cumbustion ; it appears to be merely passive in 
those functions ; but it serves as it were, to dilute and 
weaken the oxygen which we breathe, as you would 
weaken the wine that you drink, by diluting it with 
water. 

Emily, And by what means can the two gasses, 
which compose the atmospheric air, be separated ? 

Mrs, 5# There are many ways of ansdysing the 
atmosphere ; the two gasses can be separated first by 
combustion. 

Emily* How is it possible that combustion should 
separate them ? 

Mrs, B, I must first tell you, that all bodies, ex- 
cepting the earths and alkalies, have so strong an afiin* 
ity for oxygen, that they will, in certain circumstances, 
attract and absorb it from the atmosphere ; in this case 
the nitrogen gas remains alone, and we thus obtain it in 
its simple gaseous state. 

Caroline, I do not understand how a gas can be ab- 
sorbed ? 

Mrs, B, The gas is not absorbed, but decomposed ; 
and it is oxygen only, that is to say, the basis of tlie 
gas, which is absorbed, 

Caroline, What then becomes of the caloric of the 
oxygen gas, when it is deprived of its basis ? - 

Mrs. B, We shall make this piece of dry wood ab- 
sorb oxygen from the atmosphere, and you will see 
what becomes of the caloric. 

Caroline, You are joking, Mrs. B. you do not miean 
to decompose the atmosphere with a piece of stick I 

Mrs. B. Not the whole body of the atmosphere^ 
certainly ; but if we can make this stick absorb any 
quantity of oxygen from it, wiil not a proportional quan- 
tity of atmospherical air be deconiposed ? 
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Caroline, Undoubtedly ; but if wood has so strong 
an affinity for oxygen, as to attract it from the caloric 
with which it is combined in the atmosphere, why does 
it not decompose the atmosphere spontaneously ? 

Mrs, B, Because the attraction of aggregation of 
tlie particles of the wood, is an obstacle to their combi- 
nation with the oxygen : for you know that the oxygen 
must penetrate the wood in order to combine with its 
particles, and forcibly separate them in direct opposi* 
tion to the attraction of aggi*egation. 

Emily, Just as caloric penetrates bodies ? 

Mrs, B. Yes ; but caloric being a much more sub- 
tile fluid than oxygen, can penetrate substances much 
more easily. 

CaroSne. But if the attraction of cohesion between 
the particles of a body, counteracts its affinity for oxy- 
gen, I do not see how tliat body can decompose the 
atmosphere ? 

Mrs. B. That is now the difficulty which we have 
to remoTe with regard to the piece of wood.r— Can you 
think of no method of diminishing the attraction of co- 
hesion ? 

Caroline. Heating the wood, I should think, might 
answer the purpose ; for the caloric would separate the 
particles, and make room for the oxygen. 

Mrs, B, Well, we shall try your method ; hold the 
-stick close to the fire — closer still, that it may imbibe 
^^i^the caloric plentifully ; otherwise the attraction of cohe- 
sion between its particles ^nll not be sufficiently over-* 
come— 

Caro&ne, It has actually taken fire, and yet I dW 
not let it touch the coals ; but I held it so very closet 
that I suppose it caught fire merely fi'om the intensity 
^ the heat. 

Mrs, B. Or you might say, in other words, that 
the heat so far overcame the attraction of cohesion of . 
the wood, that it was enabled to absorb oxygen very 
rapidly from the atmosphere. 

Emily, Does the wood absorb oxygen while \i \% 
burning ? 
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Mrs, B. Yes ; and the he»t and light are produced 
by the caloric of the oxygen gas, which being set at .. 

liberty by the oxygen uniting with the wood, appears '^ 

in its sensible form. ^1 

CaroUne. You astonish me ! Is it possible that the | 

heat of a burning body should be produced by the at» 
mosphere, and not by the body itself. 

Mrs, B. It is not pt-ecisely ascertained whether any 
portion of the caloric is furnished by the combustible 
body ; but there is no doubt that by far the most con- 
siderable part of it is disengaged from the oxygen gas, 
when its basis combines with the combustible body. 

Emily, I have not yet met with any thing in chem* 
istry that has surprised or delighted me so much as this 
explanation of combustion. I was at first wondering 
what connection there could be between the affinity of 
ft body for oxygen and its combustibility \ but I think X 
understand It now perfectly. 

Mrs. B. Combustion then, you see, is nothing more 
than the rapid absorption of the ba^s of oxygen gas, by 
a combustible body, attended by the disengagement of 
the light and heat, which were combined with the ox» 
ygen when in its gaseous state* 

Mndly, But are there no combustible bodies whose 
Uttraction for oxyvjen is so strong, that they will over* 
come the resistance of the attraction of aggregation, 
without the application of heat ? 

Caroline, That cannot be ; otherwise we should see 
bodies burning spontaneoui^ly, 

Mra, B^ This indeed, sometimes happens, (and 
for the very reaspn which Emily assigns), as I shall 
i^how you at some future time. But in general, all the 
fiombustion^^at could occur spontaneously, at the tem<* 
perature ^fthe atmosphere, have already taken place ; 
therefore new combustions cannot happen without rais-f 
ing the temperature of th^ body^ Some bodieS| 
however, will burn at a much lower temperature than 
others. 

Emilg, The elevation of t4?mperaturc, required to 
make a body bum, must, I suppose depend entirely 
upon the force of aggregation tp be pYergome ? 
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Mrs, B, That is one point ; but you must likewise 
recollect) that there must be a stronger affinity between 
the body and oxygen, than between the latter and its 
caloric ; otherwise die oxygen will not quit its gaseous 
form to combine with the body. It is this degree of 
affinity fbr oxygen that constitutes a combustible body. 
The earths and alkalies have no such affinity for oxy- 
gen, and are therefore incombustible. But in order 
to make a combustible body bum, you see that it is 
necessary to give the first impulse to combustion by 
the approach of a hot or burning body, from which it 
may obtain a sufficient quantity of caloric to raise its 
temperature. 

CaroHne, But the common way of burning a body 
is not merely to approach it to one already on fire, but 
rather to put the one in actual contact with the other, 
as when I bum this piece of paper by holding it in the 
fiame of the fire. 

Mrs. B. The closer it is in contact with the source 
of caioric) the sooner will its temperature be raised to 
the degree necessary for it to bum. If you hold it 
near the fire, the same effect will be produced ; but 
more time will be required, as you found to be the 
case with the piece of stick. 

MmUy, But why is it not necessary to continue ap- 
plying caloric throughout the process of combustion, 
in order to prevent the attraction of aggregation from 
recovering its ground and impeding the ateorptipn of 
the oxygen ? 

Mr9» B. The caloric, which is gradually disengag- 
ed, by the decomposition of the oxygen gas, during 
combustion, keeps up the temperature of the burning 
body ; so that when once combustion has begun, no 
further application of caloric is required, 

Caroline, Since I have learnt this wonderful theory 
of combustion, I cannot take my eyes from the fire ; 
and I can scarcely conceive that the heat and light which 
I always supposed to proceed from the coals, are really 
produced by the atmosphere, and that the coals are on- 
ly the instruments by which the decomposition of the 
oxygen gas is effected. 
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JSndly. .When you blow the fire, you increase the 
combustion, I suppose, by supplying the coals with a 
greater quantity of oxygen gas ? - 

Mrs, B. Certainly ; but of course no blowing will 
produce combustion, unless the temperature of the 
coals be first raised. A single spark, however, is some- 
times sufficient to produce that effect ; for as I said be- 
fore, when once combustion has commenced, the ca- 
loric disengaged is sufficient to elevate the temperature 
of the rest of the body, provided that there be a free 
access of oxygen. There are, therefore, three things 
required in order to produce combustion ; a combusti- 
ble body, oxygen, and a temperature at which the one 
will combine with the other. 

Emily. You said that the combustion was one me- 
thod of decomposing the atmosphere, and obtaining the 
nitrogen gas in its simple state; but how do you se- 
cure this gas, and prevent it from mixing with the rest 
of the atmosphere ? 

Mrs, B. It is necessary for this purpose to bum 
the body within a close vessel, which is easily done.-— 
We shall introduce a small lighted taper (Plate K. Fig, 
7, J under this glass receiver, which stands in a bason 
over water, to prevent all communication with the ex- 
ternal air. 

Caroline. How dim^he light bums already !—rIt is 
now extinguished. i 

Mrs, B. Can you tell us why it is extinguished ? 

Caroline, Let me consider — The receiver was full 
of atmospherical air ; the taper, in burning within it, 
must have absorbed the oxygen contsdned in that air, 
and the caloric that was disengaged produced the light 
of the taper. But when the whole of the oxygen was 
absorbed, the whole of this caloric was disengaged ; 
consequently the taper ceased to burn, and the flame 
was extinguished. 

Mrs, B. Your explanation is perfectly correct. 

£ndly. The two constituents of the oxygen gas be- 
ing thus disposed of, what remains under the receiver 
must be pure nitrogen ^as ? 

Mrs, B. There are some circumstances which pre- 
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Tent the nitrogen gas, thus obtained, from being per- 
fectly pure ; but we may easily try whether the oxygen 
has disappeared by putting another lighted taper under 
it.— -You see how instantaneously the flame is extin- 
guished for want of the oxygen ; anil were you to put an 
animal under the receiver, it would immediately be 
suffocated. But that is an experiment which I suppose 
your curiosity will not tempt you to try. 

JSntily* It must be very cruel indeed ! — But look, 
Mrs. B. the receiver is full of a thick white smoke. 
Is that nitrogen gas ? 

Mrs. B. No, my dear, pure nitrogen gas is per- 
fectly transparent, and invisible, like common air» 
This cloudiness proceeds from a vatiety of exhalationsi 
which arise from the burning taper, and tlie natm*e of 
which you cannot yet understand. 

Carolhie, The water within the receiver has now 
risen a little above its level in the bason. What is the 
reason of this ? 

Mra. B. With a little reflection, I dare say, you 
would have explained it youreelf. The water rises 
in consequence of the oxygeirgas within it having been 
destroyed or rather decomposed, by the combustion of 
the taper ; and the water did not rise immediately be- 
cause' the heat of the taper whilst burning, produced a 
dilatation of the air in the vessel, which counteracted 
this effect. 

Another means of decomposing the atmosphere is 
the oxygenation of certain metals. This process is very 
analogous to combustion ; it is, indeed, only a more 
general term to express the combination of a body 
with oxygen. 

Caroline, In what respect, then, does it differ from 
combustion ? 

Mrs, B, The combination of oxygen in combustion 
is always accompanied by a disengagement of light 
and heat ; whilst this circumstance is not a necessary 
consequence of simple oxygenation. 

Caro&ne, But how can a body absorb oxygen "with- 
out disengaging the caloric of the gas ? 

Mrs, B, Oxygen does not always present kself in a 

H 
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gaseous state ; k is a constituent part of a vast number 
ot bodieS) both solid and liquid, in which it exists in a 

^ much denset state than in the atnciosphere ; and from 
these bodies Jt may be obtained without any disengage- 
ment of caloric. It may likewise, in some cases, be 
absorbed from the atmosphere without any sensible 

. production of light and heat ; for if the process be 
slow, the caloric is disengaged in small quantities, and 
so gradually, that it is not capable of producing either 
light or heat. In this case, the absorption of oxygen 
is called oxygenation or oxydation^ instead of combustion^ 
as the disengagement of sensible light and heat is es' 
sential to the latter. 

Emily, I wonder that metals can unite with oxygen ; 
for, as they are very dense, their attraction of aggre- 
gation must be very great, and I should have thought 
that oxygen could never have penetmted such bodies. 

Mrs, B. Their strong attraction for oxygen coun- 
terbalances this obstacle. Most metals, however, re- 
quire to be made red hot before they are capable of at- 
tracting oxygen in any considerable quantity. By this 
process they lose most of their metallic properties, 
and fall into a kind of powder, formerly called ccUx^ but 
now much more properly termed an oxyd ; thus we 
have oxyd of lead^ oxyd of iron, Sec. 

Caroline, The Wdrd oxyd, then, simply means a 
metal combined with Oxygen ? 

Mrs. B, . Yes ; but the term is not^confined to me- 
tals, though chiefly applied to them. Ajpy body what- 
ever, that has combined with a certain quantity of oxy- 
gen, either by means of oxydation or combustion, is 
called an oxyd, and is said to be oxydated or oxygenated. 
'. This black powder is an oxyd of manganese, a metal 
tvhich has so strong an attraction for oxygen, that it 
■^ "^absorbs that substance from the atmosphere at any 
known temperature : it is therefore never found in its- 
metallic form, but always in that of an oxyd, in which 
state, you see, it has very little of the appearance of a 
metal. It is now heavier than it was before oxydation, 
in consequence of the additional weight of the oxygen 
with which it has combined* 
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Caroline. I am very glad to hear that ; for I ccMifcss 
I could not help having some doubts whether oxygen 
vi^as really a substance, as it is not to be obtained in a 
simple and palpable state : but its v^eight is, I think, 
a decisive proof of its being really a body. 

Mrs. B,. It is easy to estimate ite vsr eight, by separ^- 
adng it from the ma^nganese, and finding how much 
the liatter has lost. 

^mily,. But if y^au can take the oxygen from the 
metal, shall we not then have it in its palpable simple 
fitate .? 

Mrs, B, No ; for I can only separate tlie oxygen 
^ from the manganese, by presenting to it some other 
body for which it has a greater affinity than for the 
manganese. Caloric possesses such a superior affinity 
for oxygen, provided the temperature of the met,al 
be sifiiciently raised ; if, .therefore^ I heat this oxyd 
©f manganese to a certain degree, the caloric will com^ 
bine with the oxygen, and carry it off in the form of 
gas. 

Ermly. But you said just now, that manganese 
would ahfrlSGt oxygen from the atmosphere in which 
it is combined wijtb calpric ; how, therefore, can the 
oxygen have a superior affinity for caloric, ^ince it 
abandons the latter to combine with the manganese ? 

Mrs, B, I give you credit .for thisipbjectiqn, Emily ; 
,and the only ^swer I can make to it is, that the mutu- 
al affinities of metals for oxygen and of oxygen for ca- 
loric, vary at (Afferent temperaKires ; a certain degree 
of heat will, therefore, (fispose a fi\etal to combine 
with oxygen, whilst on the contrary, the former will 
be compelled to part with the latter when the tempera- 
4iMre is further increased. I have put •some oxyd of 
manganese into a retort, which is asi earthen vessel with 
Si. bent neck, such as you see here {Plate V.. J^ig^^ 9. J 

Plate V. 

Fig. 7« Combustion of a taper under a receiver. Fig- S. Arcp 
tort on a stand. Fig. 9. A furns^ce. B. Earthen i:etort in the 
furnace. C. water bath. D. Receiver. £ £. Tube convtying 
the gas from the retort through the water into the receiver. F. 
F. F. Shelf perforated on which the receiver stands. Fig. to* 
jCombiiBtion of iron wir« in o^y^ ^as« 
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•-^Thc retort containing the manganese you cannot see^ 
as I have encbsed it in this furnace, where it is now 
red hot. But in order to make you sensible of the es» 
cape of the gas, which is itself invisible, I have con* 
nected the neck of the retort with this bent tube, th« 
extremity of which is immersed in this vessel of water 
f Plate V* Fig, 9.)^^Do you see the bubbles of air rise 
through the wator ? 

CaroHne, Perfectly^ This, then is pure oxygen 
gas ; what a pity it should be lost I Could you not pre* 
serve it ? 

Mr*. B, We shall collect It in this receiver.-^For 
this purpose, you observe, I first fill it with water, in 
order to exclude the atmospherical air ; and then place 
it over the bubbles that issue from the retort, so as to 
make them risj? through the w^ter to the upper part of 
the receiver. 

Emily. The bubbles of oxygen gas rise, I suppose, 
from their specific levity ? 

Mrs, ^. Yes ; for though oxygen forms rather s^ 
heavy gas, it is light compared to water. You see how 
it gradually displaces th^e wat^r from the receiver. It is 
now full of gas, and I may leave it inverted in water on 
this shelf, where I can keep the gas as long as I choose 
for future expertmcnts. Thij> apparatus (which is in^ 
(dispensable in all experiments in which gaases are con- 
cerned) is called a waterrbath, 

Caroline, It is a very clever contrivance, indeed ; 
it is equally simple ^nd useful* How convenient the 
shelf is for the receiver to rest upon under water> an4 
the holes in it for the gas tg pass into the receiverl { 
long to mak^ some experiments with this apparatus. 

Mrs, B, I shall try your skill that way, when you 
have a little more experience. I am pow going to 
show you an experiment, which proves, in a vpry strik* 
ing manner, how essential oxygen i« to combustion. 
You wilLsee that iron itself will hnrn in this gas, in the 
most rapid and brilliant manner. 

Emily, Really I I did not know that it was possible 
to bum iron. 

Mrs, B, Iron is eminently combustible in pur^ opcy* 



-gen gas, and what will surprise you still more, -it can 
be set on fire without any very great rise of temperature;* 
¥ou see this spiral iron wure— ^I fasten it at ^ne end to 
tliis cork, which is made to fit an opening at the top ojf 
Jthe gliass receiver f Plate Y. Pig:* VO^J^^ 

Endly., I see the opening in the receiver ; but it i« 
carefully closed by a ground glass stopper^ 

Mrs, B. That is in order to prevent the gas fix>m 
escaping -; but J shall take out the stopper, and put in 
the cork, to which the vwire hangs..»--.Now I mean to 
burn tins wire an die .oxygen gas« but I must fix a small 
piece of lighted ^nder to the extremity of it, in oixier 
to give the first impulse to combusfion ; for however 
powerful ojiygen is in promoting combustion, you must 
recollect that it cannot take place withovrt a certain eleva^ 
jtion of temperature. I shall now introduce the wii;^ 
into the receiver, by quickjy changing the stoppers. 

Caroline, is there no danger qf the gas .escaping 
while you. change the ^toppers? 

Mrs, B, Oxygen gas is a little heavier than atmos- 
pherical air, therefore it will not mix with it very rapid- 
ly ; and if I do not leave .the .opening uncovered w^ 
jShall not lose any^ 
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Carolinei, Oh, what a brillis^nt and .beautiful .flame i 

Emily, It !is as white, and dazzling as the sun !--- 

iJow a piece rof the melted wire drops to the bottom : 

I fear it is extinguished ^ but uq, it .burns again as 

.bright as^exer^ 

Mr^ B^ It \^ill bum till the wire is entirely con- 
sumed* provided the oxygen be not first .expended ; 
for you know it can bum only while there is oxygen to 
.combine with it. 

CarqUne,, 1 never saw a more beautiful light. My 
eyes can hardly bear it ! How astonishing to think that 
»all this .caloric was contained in the small quantity of 
gas that was enclosed in the rec^vi^r ; and that, without 
producing any sensible he^ .! 

Mrs, B, The caloiic of the oxygen .^s could not 
produce any sensible heat before the combustion took 
place, because it was not in a free state. You can teiU 
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me, I hope, to what modification of beat .this caloric is 
to be referred ? 

Caroline. Since it is combined with the basis of the • 

gas, it must be chemical heat. 

Emily, Chemical heat is then extricated in all com- 
bustions? ^ 

Mrs. B, Certainly- By tli^ decomposition of the 
gas, the caloric returns to its free state, and thus pro* 
duces a quantity of sensible heat, proportional to the 
rapidity of that decomposition. 

Caroline. How wonderfully quick combustion goes 
on in pure oxygen gas ! But pray are these drops of 
burnt iron as heavy as the wire was before ? 

Mrs, B. They are even heavier ; for the iron in 
burning^ has acquired exactly the weight of the oxy- 
gen which has disappeared, and is ik)W combined with 
it. It has become an oxyd of iron. 

Caroline. I do not know what you mean by saying 
that the oxygen has disappeared^ Mrs. B. for it was al- 
ways invisible. 

Mrs. B. True, my dear ; the expression was in- 
correct. But though you could not sec the oxygen gas, 
I believe you had no doubt of its presence, as the effect 
it produced on the wire was sufficiently evident. 

CaroHne. Yes, indeed ; yet you know it was the 
caloric of the gas, and not the oxygen gas itself, that 
dazzled us so much. 

Mrs. B. You are not quite correct in your turn, in 
saying the caloric dazzled you ; for caloric is invisible ; 
it affects only the sense of feeling ; it was the light 
which dazzled you. 

Caroline. True ; but light and caloric are such con- 
stant companions, that it is difiicult to separate them^ 
even in idea. 

Mrs. B. The easier it is to confound them the more 
careful you should be in making the distinction. 

Ccroi^r- But why has the water now risen, and fill- 
ed part of the receiver ? 

Mrs, B, Indeed, Caroline, I did not think ypu would 
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liave ^kcd such a question 1 I am sure> Emily, you 
can answer it. 

Endly. Let me reflect The oxygen 

has combined with tlie wire ; the caloric has escaped ; 
consequently nothing can remain in the receiver, and 
the water will rise to fill the vacuum. 

CaroUne, I wonder that I did not think of that. I 
wish that we had weighed the wire and the oxygen gas 
before combustion ; we might then have found wheth- 
er the weight of the oxyd was equal to that of both. 

Mr^, B. You might try the experiment if you par- 
ticularly wished it ; but I can assure you, ihat, if ac- 
curately performed, it never fails to show that the ad- 
ditional weight of the oxyd is precisely equal to that of 
the oxygen absorbed, whether the process has been a 
real cumbustion, or a simple oxygenation. 

Caroline. But this cannot be the case with combus- 
tions in general, for when any substance is burnt in the 
common air, so far from increasing in weight, it is evi- 
dently diminished, and sometimes entirely consumed. 

Mra, B. But what do you mean by the expression 
consumed ? You cannot suppose that the smallest parti- 
cle of any substance in nature can be actually destroy- 
ed. A compound body is decomposed by combustion ; 
some of its constituent parts fly off* in a gaseous form, 
while others remain in a concrete state ; the former are 
called the voiatilcy the latter xhejixed firoducfs of com- 
bustion. But if we collect the whole of them, we 
shall always find that they exceed the weight of the 
combustible body, by that of the oxygen which has 
combined with them during combustion. 

ETrdl^, In the combustion of a coal fire, then, I sup- 
pose that the ashes are what would be called the fixed 
product ? and the smoke the volatile product ? 

Mrs, B. Yet when the fire bums best, and the quan- 
tity of volatile products should be the greatest, there is 
no smoke ; how can you account for that I 

JEndly. Indeed I cannot ; therefore X suppose that 
I was not right in my conjecture. 

Mrs, B. Not quite : ashes as ytm supposed, arc a 
fised product of combustion; but smoke, properly 
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•speaking, is not one of the volatile products, as it con- 
•sists of some minute undecomposed particles of the coals 
that are carried off by the coloric without being burnt, 
.end are either deposited in the form of soot, or dis- 
persed by the mnd. Smoke therefore, ultimately be- 
comes one of the JiJ^ed products of combustion. And 
you may easily conceive that the stronger the fire is, 
the less smoke it produces* because the fewer particles 
-escape combustion. On this principle depends the in^ 
veniion of Argand's patent lam|:iB ; a current of air 
is made to pass through the cylindrical wick of the 
lamp, by which means itis so plentifully supplied with 
oxygen, that not a particle of oil escapes combustioa^ 
nor is an atom of smoke produced. 

EmUy. But what then are the volatile products of 
combustion? 

Mt^, B Various -new compounds, with which you 
4kre not yet acquahitedj and which being converted by 
caloric, either into vapour, or gas, are invisible ; but 
they can be collected, and we shall examine them, at 
isome future period. 

Qaro&nc. There ai« then other gasses, besides the 
4>xygen and nitrogen gasses. 

Mrs, B. Yes, se^beral : any substance that has a 
•sufficient afiBnity for caloric to combine with it, and as^ 
'S^ume and maintain the form <kf an elastic fkiid at the 
teinperaturet>f the atmosphere, is capable of being con- 
ceited into a gas. We shall exanvine the several gas- 
ses in their respective places ; but we roust now con- 
iine our attention to those that compose the atmosphere. 

I shall show you another n>ethod of decomposing the 
atmosphere, 'which is very simple. In breathing we 
retain a portion of tlie oxygen, and expire tlie nitrogen 
gas ; so that if Ave breathe in a closed vessel, for a cer- 
tain length :of time, the air within it will be deprived of 
its oxygen gas. Which of you will rnake the experi- 
ment? 

Carolmc 1 should be very glad to try it. 

Mrs. B. Very well ; breathe several times through 
jthis glass tube into the receiver with which it is coO" 
inected, until you fieel that^our breath is exhaustQd^ 
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CaroSne. I am quite out of breath already 4* 

Mrs. B. Now let us try the gas with a lighted taper. 

Emily,, It is rery pure nitrogen gas, for the taper is 
immediately extinguished, 

Mrs. B, That is not a proof of its being pure, but 
only of the absence of oxygen, as it is that principle 
alone that can produce combustion, every other gas 
heing absolutely incapable of it, 

Emily, In the methods which you have shown us» 
for de<:omix)sing the atmosphere, the oxygen always 
abandons the nitrogen ; but is there no way of taking 
the nitrogen from the oxygen, so as to obtain the latter 
pure from the atmosphere ? 

Mrs, B. You must observe, that whenever oxygen 
is taken from the atmosphere, it is by decomposing the 
oxygen gas : we cannot do the same with the nitrogen 
gas, because nitrogen has a sUv)nger affinity for caloric 
than for any other known principle : it appears impos* 
sible therefore to separate it from the atmosphere by the 
power of affinities. But if we cannot obtain the oxygen 
gas by this means, in its separate state, we have no 
difficulty (as you have seen) to procure it in its gaseous 
form, by taking it from those substances that have ab* 
sorbed it from the atmosphere. This is done by com- 
Uning the oxygen, at a high temperature, with palor* 
ic, f» we did with die osyd of manganes^c 

Emily, Can atmospherical air be recomposed, by 
mixing due proportions of oxygen and nitrogen gasses, 

Mrs B, Yes : if about oncrfourth of oxygen gas be 
mixed with threcffourths of nitrpgen gas, atmospher* 
ical air is produced. 

Emily, The air then must be an oxyd pf nitrogen ? 

Mrs^ B. No, my dear ; for there must be a chemir 
cal combination between oxygen and nitrogen in order 
to produce an oxyd ; whilst in the atnjosphere these two 
substances arc separately combined with caloric, fonn« 
ing two distinct gasses, which are simply miated in the 
formation of the atmosphere.* 

* This, at least, scicms to be the prevailing opinion. Yet if 
liaft been questioned by some chemists, particularly of late, wheth- 
pt the union of oxygen and nitrogra io the ^vnoif^m^ b$ DOt ft 
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I shall say nothing more of oxygen and nitrogen at pre- 
sent as we shall continually have occasion to refer to 
them in our future conversations. They are both very 
abundant in nature ; nitrogen is the most plentiful in 
the atmosphere, and exists also in all animal substan- 
ces ; oxygen forms a constituent part, both of animal 
and vegetable kingdoms, from which it may be obtain- 
ed by a variety of chemical means. But it is now timje 
to conclude our lesson. I am afraid you have learnt 
more to day than you will be able to remember. 

Caroiine, I assure you that I have been too much 
interested in it, ever to forget it ; as for nitrogen, thei>e 
seems to be but little to remember about it : it makes 
a very insignificant figure in comparison to oxygen, 
although it composes a much larger portion of the at- 
mosphere. 

Mrs. A It will not appear so insignificant when you 
are better acquainted with it ^ foi' though it seems to 
perform but a passive part in the atmosphere, and has 
no very stiiking properties when considered in its sepa- 
rate state, yet you will see by and by what a very im- 
portant agent it becomes, when combined with other 
IxKiies. But no more of this at present ^ we must re" 
serve it for its proper place. 



ContoetjBtation vl 



On Hydrogen. 



Caroline, 



The next simple body we come to is hydrogen. 
Pray what kind of a substance is that ; is it also mvir 
able ? 
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Mrs, B. Yes; we cannot obtain hydrogen in its 
pure concrete state. We are acquainted with it only 
in its gaseous form, as we are with oxygen and nitro- 
gen. 

Caroline, But in its gaseous state it cannot be called 
a simple substance, since it is combined with caloric. 

Mrs. B. Time, my dear ; but as we do not know 
in nature of any substance which is not more or less 
combined with caloric, we are apt to say (rather incor- 
rectly uideed) that a substance is in its pure state, when 
combined with caloric only. ^ 

Hydrogen is derived from two Greek words, the 
meaning of which is to firoduce water, 

Ennly, And how does hydrogen produce water ? 

Mrs, B, "Water is composed of 85 parts, by weight, 
of oxygen, chemically combined with 15 parts of hy- 
drogen gas, or (as it was foniierly called) infiamable 
air. 

CaroUne, Really ! Is it possible that water should 
be a Goml>ination of two gasses, and that one of them 
should.be imflammable air ? It must be a most extra- 
ordinary gas, that will produce both fire and water I 

Mrs. B. Hydrogen, I assure you, though a consti- 
tuent part of water, is one of the most combustible subf 
stances in nature. 

Emily. But I thought you said that combustion 
could take place in no gas but oxygen ? 

Mrs. B. Do you recollect what the process of com- 
bustion consists in ? 

ETrdly. In the combination of a body with oxygen, 
with disengagement of light and heat. 

Mrs. B. Therefore, when I say that hydrogen is. 
combustible, I mean that it has an affinity for oxygen ; 
but like all other combustible substances, it cannot 
bum unless supplied with oxygen, and heated to a 
proper temperature. 

Caroline. But I cannot conceive how, by mixing 
fifteen parts of it, with eighty-five parts of oxygen gas, 
tlie two gasses can be converted into water. 



C 84 ) 

Mr9, B. The simply mixing these proportions of 
oxygen and hydrogen gasses, will not produce water ; 
because the great quantity of caloric to which they owe 
gaseous form would prevent their bases from coming 
into contact) and entering into chemical combination ; 
besides, water is a much denser fluid than gas, and 
therefore it is necessary, in order to reduce these gasses 
to a liquid) to diminish the quantity of caloric. Can 
you think of any means of accomplishing this ? 

Caroline, By putting a colder body in contact with 
the gasses, which would take some of their caloric 
from them. 

Mr9, B. That would lower the temperature of the 
gas ; but could not affect the caloric that is chemically 
combined with the basis. 

Caroline. True ; I forgot, that in order to separate 
caloric from a body with which it is chemicaUy combin- 
ed, a decomposition must take place ; but I cannot 
imagine how this is effected. 

Mrs. B. A decomposition can be effected only by 
superior attractions which produce new combinations. 
At a certain temperature, oxygen will abandon its ca- 
loric, to combine with hydrogen; if, therefore, we 
raise it to that temperature, the oxygen will combine 
with the hydrogen, and set its own caloric at liberty ; 
and it is thus that the combustion of hydrogen gas pro- 
duces water. 

Caroline, You love to deal in parodoxes to-day, Mrs, 
B.— Fire then produces water ! 

Mr8, B. The combustion of hydrogen gas certain- 
ly does ; but you do not seem to have remembered 
the theory of combustion so well as you thought you 
would. Can you tell me what happens in the combus- 
tion of hydrogen gas ? 

Caroline. The hydrogen gas combines with the basis 
of the oxygen gas, and the caloric of the latter is dis- 
engaged.-— Yes, I think, I understand it now : the ca- 
loric of the oxygen gas being set at liberty, and the 
basis of the two gasses coming in contact, they com* 
bine^ and condense into a liquid. 
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Emily, But docs all the caloric, produced by tho 
combustion of hydrogen gas, proceed from the oxygen 
gas? 

Wrs, B. That is a doubtful point ; but I rather be- 
lieve tliat in this, as probably in every other instance of 
combustion, some portion of heat and light is disengag- 
ed by the combustible itself. 

Emily, Water then, I suppose, when it evaporates 
and incorporates with the atmosphere, is decomposed 
and converted into hydrogen and oxygen gasses ? 

Mrs, B. No my dear ; there you are quite mis- 
taken : the decomposition of water is totally different 
from its evaporation ; for in the latter case (as you 
should recollect) water is only in a state of very minute 
division ; and is merely • suspended in the atmospherei 
without any chemical combination, and without any 
separation of* its constituent parts. As long as these 
remain combined, they form water, whether in a state 
of liquidity, or in that of an elastic fluid, as vapour, or 
under the solid form of ice. 

In our experiments on latent heat, you may recollect 
that we caused water successively to pass through these 
three forms, merely by an increase or diminution of 
caloric, without employing any power of attraction, or 
effecting any decomposition. 

Caroline, But are there no means of decomposing 
water ? 

Mrs, B. Yes, several : charcoal, and metals, whea *''*' 
heated red hot, will attract the oxygen from water in,^ 
the same manner, as they will from the atmosphere J^ 
but in this process there is no disengagement of calof- 
ic, as that which the oxygen abandons, instead of be- 
coming sensible, combines immediately with the hy- 
drogen, which it converts into gas, and carries off in 
that form. 

Caroline^ So, then, the quantity of caloric that was 
employed in maintaining the combined substances in a^ 
liquid form, is just sufficient to convert the hydrogenf 
singly, into a gas. 

Mrs, B. That is a very ingenious inference ; but 
I doubt whether it is stxTctly accurate, as the hot body 

I 
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(whether charcoal or metal) by means of which the 
water is decomposed, supplies, in cooling, a portion 
of the caloric which enters into the formation of the 
gas. H 

JEmiiy. Water, then, may be resolved into a solid ' ] 

substance and a gas ; the ox yen being condensed into 
a solid, by the loss of caloric, and the hydrogen ex- 
panded into a gaa, by the acquisition of it. 

Mrs. B. Very well ; but remember that the basis 
of. the oxygen gas, or what you call solid oxygen, cari 
tiever be obtained alone ; it cati be separated from the 
hydrogen only by combining it with some other body 
ibr which it has a greater affinity. 

" Caroline, Hydrogen, I see, is like nitrogen, a poor 
dependant friend of oxygen, which is contkually for- 
saken for greater favourites. 

Mrs, B. The connection, or friendship, as you choose 
to call it, is much more intimate between oxygen and 
hydrogen, in the state of water, than between oxygen 
^nd nitrogen, in the atmosphere : for in the first case, 
there is a chemical union and condensation of the two 
4uibstances ; in the latter they are simply mixed to- 
gether in their gaseous slate. You will find, however, 
that, in some cases, nitrogen is quite as intimately con- 
nected with oxygen, as hydrogen is.— ^But this is for- 
eign to our present subject. 

^  Mndly.. Water, then, is an oxydj though the at- 
^ iiospherical air is not ? 

V». B. It is not commonly called ap oxyd, though 
rding to our definition, it may, no doubt, be refer-* 
to that class of bodies. 

Caroline, I should like extremely to see water de-» 
composed. 

Mrs, B, I Can easily gratify your curiosity by a 
unuch more easy process than the oxydation of char-* 
coal or metai^ ; the decomposition of water by these 
^tler means, take up a great deal of time, smd is at- 
tended with much trouble ; for it is necessary that the 
c^harcoal or metal should be made red hot in a furnace, 
that Ihe water should pass aver them in a state of va* 




ef 



. _ d 






I ' 



( 87 ). 

pour, thatlhc gas fonioed should be collected over tht 
water»bath, &c. In short it is a very complicated affair. 
But the same effect may be produced with the great- 
est facility, by adding some sulphuric acid (a substance 
with the oature of which you are not yet acquainted), to 
the water which the metal is to decompose. The acid 
disposes the metal to combine with the oxygen of the 
"water so readily and abundantly, that no heat is requir- 
ed to hasten the process, Ol this I am going to show 
you an instance .---I put into this bottle the water that is 
to be decomposed, the metal that is to effect that de- 
composition by combining with the oxygen, and the 
acid which is to fecilitate the combination of the metal 
and the oxygen. You will see with what violence these 
will act on each other, 

Caroline, But what metal |s it that you employ for 
this purpose ? 

Mr9, B. It is iron ; and it is used in the state of 
filings, as these presefit a greater surface to the acid 
than a solid piece of metal. For, as it is the surface 
of the metal which is acted upon by the acid, and is dis* 
posed to receive the oxygen produced by the depompo* 
«ition of the water, it necessarily follows that the great* 
er is the surfece, the more considerable is the effect. 
The bubbles which are now rising are hydrogen gas-* 

Caroline, How disagreeably }t smells J 

Mrs, B, It is indeed unpleasant, but not unwhole* 
some. We shall not, however, suffer any more to es* 
cape, as it will be wanted for experiments. J shall 
therefore- collect it in a glass receiver, by making it 
pass through this bent tube, which will conduct it into 
the water^bath. (Plate VI. Fig, \\.) 

Endly^ How very rapidly the gas escapes ! it is 

PLATE VI. 

Fig. IX. Apparatus for preparing and collecting hydrogen gat. 
Fig. I a. Receiver full of hydrogen gas inverted ever water. 
Fig- I3« Slow combustion of hydrog«ti gas. Fig. 14. Appara- 
tus for iiiustratiflg the formation of water by the combnstion of 
hydrogen gas. Fig. 15. Apparatus for producing harmonic 
lopnds by the combustion of hydrogen |^8. 
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perfectly transparent, and without any colour whatever. 
•—Now the receiver is full— « 

Mra, B, We shall therefore remove it and substi* 
tiite another in its place. But you must observe, that 
when the receiver is full, it is necessary to keep it in- 
verted with the mouth under water, otherwise the gas 
would escape. And in order that it may not be in the 
way, I introduce within the bath under the water, a 
saucer, into which I slide the receiver, so that it can 
be taken out of the bath and conveyed any where, the 
water in the saucer being equally effectual in prevent- 
ing its escape as that in the bath. (Plate VI. Mg, 12. J 

£mily^ I am quite surprised to see what a large 
quantity of hydrogen gas can be produced by such a 
small quantity of water, especially as oxygen is the 
principal constituent of water. 

Mra. B, In weight it is : but not in volume. For 
though the proportion, by w^igjit, is nearly six parts 
of oxygen to one of hydrogen, yet the proportion of 
the volume of the gasses, is about one part of oxygen, 
to two of hydrogen ; so much heavier is the former 
than the latter. 

Caroline. But why is the vessel in which th(^ water 
is decomposed so hot ? As the water changes from a 
liquid to a gaseous form, cold should be produced in- 
stead of heat. 

Mrs. B. No ; for if one of the constituents of water 
is converted into a gas, the other becomes solid in com- 
bining with the metal ; and the caloric which the oxy- 
gen loses "by being thus rendered solid, is just sufficient 
to transform the hydrogen into a gas. 

' Emily. In this case, neither heat nor cold would be 
produced ; for the caloric disengaged from the oxygen, 
being immediately combined with the hydrogen, can- 
ttot become sensible ? 

Mr8. B. That is very true ; but the sensible heat 
which is disengaged in this operation is not owing to 
the decomposition of the Nvatcr, but to an extrication 
of latent heat produced by the mixture of water and 
sulphuric acid, as you saw in a former experiment. 

If I now set the hydrogen gas, which is contained 
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in this receiver^ at liberty all at once^ and kimlle it aft 
soon as it comes in contact witii the atmosphere, by 
presenting it to a candle, it will so suddenly and rapid*- 
ly decompose the oxygen gas, by combining with its 
basis, that an explosion, or a dHonation (as chemists 
commonly call it), will be produced. For this purpose, 
I need only take up the receiver, and quickly present 
its open mouth to the candle so 

Caroline. It produced only a sort of hissing noise, 
"With a vivid flash pf light. I had expected a much 
greater report. 

Mrs, B, And so it would have been, had the gasses 
been closely confined at the moment they were made 
to e^lode. If for instance, we were to put in this bot- 
tle a mixture of hydrogen gas and atmospheric ah* ; 
and if, after corking the bottle, we should kindle the 
mixture by a very small orifice, from the sudden dilata- 
tion of the gasses at the moment of their combination, 
the bottle must either 5y to pieces, or the cork be blown 
out with considerable violence. 

CaroUne. But in the experiment which we have just 
seen, if you did not kindle the hydrogen gas, would it 
not equally combine with the oxygen ? 

Mrs. B. Certainly not ; have I not just explained 
to you the necessity of the oxygen and hydrogen gasses 
being burnt together, in order to combine chemically 
and produce water ? 

Caroline. That is true ; but I thought this was a dif- 
ferent combination, for I see no water produced. 

Mrs, B, The water produced by this detonation was 
so small in quantity, and in such a state of minute divi- 
sion, as to l>e invisible. But water certainly was pro- 
duced ; for oxygen is incapable of combining with hy- 
drogen in any other proportions than those that form 
water ; therefore water must always be the result of 
their combination. 

If, instead of bringing the hydragen gas into sudden 
contact with the atmosphere (as we did just now) so a* 
to make the whole of it explode the moment it is kind- 
led, we allow but a very small surface of gas to bum 
in contact with the atmosphere, the combustion goes 

I 3 
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on quietly and gradually at the point of contact, without 
any detonation, because the surfaces brought togethcsr 
are too smalf for the immediate union of gasses. The 
experiment is a very easy one. This phial with a nar- 
row neck, (Plate VI. Fig. 13.J, is full of hydrogen 
gas, and is carefully corked. If I take out the cork, 
without moving the phial, and quickly approach the 
candle to the orifice, you will see how different the re- 
sult will be — 

Emily, How prettily it bums,* with a blue flame ! 
The flame is gradually sinking within the phial — ^now 
it has entirely disappeared. But does not this combus- 
tion likewise produce water I 

Mrs, B, Undoubtedly. In order to make the for- 
mation of water sensible to you, I shall procure a fresh 
supply of hydrogen gas, by putting into this bottle 
(Plate VI. Fig, 14.J iron filings, water, and sulphuric 
acid, materials similar to those which we have just used 
for the same purpose. I shall then cork up the bottle, 
leaving only a small orifice in ihe cork, with a piece of 
gl^ss tube fixed to it, through which the gas will issue 
ih a Qontinued rapid stream. 

Caroline, I hear already the hissing of the gas 
through the tube, and I can feel a strong current against 
my hand. 

Mrs, B, This current I am going to kindle with 
the candle — see how vividly it burns— 

Emily, It burns like a candle with a long flame.— 
But why does this combustion last so much longer thaH 
in the former experiment ? 

Mrs. B, The combustion goes on uninterruptedly 
as long as the new gas continues to be produced. Novt 
if I invert this receiver over the flame, you will soon 
perceive its internal surface covered with a very fine 
dew, which is pure water — 

Caroline, Yes, indeed ; the glass is now quite dim 
with moisture ! How glad I am that we can see the wa- 
ter produced by this combustion. 

ETnily, It is exactly what I was anxious to see ; far 
I confess I was a little incredulous. 
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Mrs. B, If I Had not held the glass-bell over the 
flame, the water would have escaped in the state of va- 
pour, as it did in the former experiment. We have 
here, of course, obtained but a very small quantity of 
water ; but the difficulty of procuring a proper appara- 
tus, with sufficient quantities of gasses, prevents my 
shewing it to you on a larger scale. 

The composition of water was discovered about the 
same period, 'both by Mr. Cavendish, in this country, 
and by the celebrated P rench chemist Lavoisier. The 
latter invented a very perfect and ingenious apparatus 
to perform with great accuracy, and upon a large scale, 
the formation of water by the combination of oxygen 
and hydrogen gasses. Two tubes, conveying due pro- 
portions, the one of oxygen, the other of hydro- 
jgcn gas, are inserted at opposite sides of a large globe 
of glass, previously exhausted of air ; tjae two streams 
of gas are kindled within the globe, by the electric 
spark, at the point where they come in contact ; they 
burn together, that is to say, the hydrogen gas com- 
bines with the basis of the oxygen gas, the caloric of 
which is set at liberty ; and a quantity of water is pro- 
duced, exactly equal in weight to that of the two gas- 
ses introduced into the globe. 

Caroline, And what was the greatest quantity of 
water ever formed in this apparatus ? 

Mrs. JB, Several ounces ; indeed, very near a 
pound, if I recollect right ; but the operation lasted 
many days^ 

Emily. This experiment must have convinced all 
the world of the truth of the discovery. Pray, if im- 
proper proportions of the gasses \vere mixed and set 
fire to, what would be the result I 

Mrs, B, Water would equally be formed, but there 
would be a residue of either one or other of the gasses, 
because, as I have already told you, hydrogen and qxy- 
gen will combine only in the proportions requisite for 
the formation of water. 

There is another curious effect produced by the com- 
bustion of hydrogen gas, which I shall shew you, 
though I must acquaint you first, that 1 cannot well ex- 
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plain the cause of it, for this purpose, I must put tsome 
more materials into our apparatus, in order to obtain a 
stream of hydrogen gas^ just as we have done before. 
The process is already going on, and the gas is rushing 
through the tube — I shall now kindle it with the taper. 

Emily, It burns exactly as it did before— What is 
the curious effect which you were mentioning ? 

Mra, B. Instead of the receiver, by means of which 
we have just seen the drops of water form, we shall in- 
vert over tlie flame this piece of tube, which is about 
two feet in leng^, and one inch in diameter (Plate VI. 
J^'ig- 15. J but you must observe that it is open at both 
ends, 

Emily. What a strange noice it makes I something 
like the JLolian harp, but not so sweet. 

Caroline. It is very singular, indeed ; but I think 
rather too powerful to be pleasing. And is not this 
sound accounted for ? 

Mrs. B. That the percussion of glass, by a rapid 
stream of gas, should produce a sound, is not extraor- 
dinary ; but the sound is here so peculiar, that no oth- 
er gas has a similar effect. Perhaps it is owing to a 
brisk vibratory motion of the glass occasioned by the 
successive formation and condensation of small drop« 
of water on the sides of the glass tube, and the air 
rushing in to replace the vacuum formed.* 

Caroline* How veiy much this flame resembles the 
burning of a candle. 

Mra. B. The huming of a candle is produced by 
much the same means. A great deal of hydrogen is 
contained in candles, whether of tallow or wax. This 
hydrogenbeing converted into gas by the heat of the can- 
dle, combines with the oxygen of the atmosphere, and 
flame and water result from this combination. So that, 
in fact, the flame of a candle is nothing but the com- 
bustion of hydrogen gas. An elevation of temperature, 
such as is produced by a lighted match or taper, is re- 
quired to give the first impulse to the combustion ; but 

* This inj^eoioas explanation wa» first sag^gested by Dr. DeU- 
live. See Journals of the Royal4iMtittttion| Tol i- p* %S^* 
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afterwards it goes on of itself, because the candle finds 
a supply of caloric in the successive quantities of cheni' 
ical heat which becomes sensible hy the combination of 
the two gasses. But there are other accessary circum- 
stances connected with the combustion of candles and 
lamps, which I cannot explain to you till you are ac- 
quainted with carbone^ which is one of their constituent 
parts. In general, however, whenever yoii see flame, 
you may infer that it is owing to the formation and burn- 
ing of hydrogen gas ; for flame is the peculiar mode 
of burning of hydrogen gas, which, with only one op 
two apparent exceptions, does not belong to any other 
combustible. " • 

Emily, You astonish me I I understood that flame 
was the caloric abandoned by the basis of the oxygen 
gas, in all combustions whatever ? 

Mrs. B. Your error proceeded from your vague and 
incorrect idea of flame ; you have confounded it with 
light and caloric in general. Flame always implies 
caloric, since it is produced by the combustion of hy- 
drogen gas ; but all caloric does not imply flame. Ma- 
ny bodies bum with intense heat without producing 
flame. Coals, for instance, bum with flame until all 
the hydrogen which they contain is evaporated ; but 
when they afterwards become red hot, much more ca- 
loric is disengaged than when they produce flame. 

Caroline, But the iron wire, which you burnt in ox- 
ygen gas, appeared to me to emit flame ; yet as it wa$ 
a simple metal, it could contain no hydrogen ? 

ilfr^, B. It produced a sparkling dazzling Maze of/ 
Hght, but no real flame. • 

Emily, And what is the cause of the regular rfiape 
of the flame of a candle ? 

Mrs, B, The regular stream of hydrogen gas which 
exhales from its combustible matter. 

CaroUne, But the hydrogen gas must from its great 
levity, ascend into the upper regions of the atmosphere ; 
why therefor^ does not the flame continue Jo accompa- 
ny it ? ^ 

Mrs. B, The combustion of the hydrogen gas is 
^mpleted at the poii>t where the flam« terminates ; it 
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then ceases to be hydrogen gas, as it is converted bj' 
its combustion into watery vapour ; but in a state of such 
minute division as to be invisible. 

Caroline. I do not understand what is the use of the 
wick of a candle ; since the h)rdix>gen gas bums so well 
without it ? 

Mrs. B, The combustible matter of the candle must 
be decomposed in order to emit the hydrogen gaS) and 
the wick is instrumental in effecting this decomppsi# 
tion. Its combustion first melts the combustible matter, 
and 

CaroHne. But in lamps the combustible matter is 
already fluid, and yet thc^ also reqffire wicks ? 

Mra. B, I was going to add that, afterwards, the 
burning wick (by the power of capillary attiaction) ^rad* 
ually draws up the fluid to the point where combustion 
takes place ; for you must have observed, that the wick 
does not bum quite to the bottom. 

Caroline. Yes ; but I do not understand why it docs 
not. 

Mrs, B. Because the air has not so free an access 
to that part of the wick which Is immediately in contact 
with the candle, as to the part just above, so that th e 
heat there is not sufficient to produce its decomposition j 
the combustion therefore begins a little above this point, 
But we dwell too long on a subject which you cannot 
yet thoroui^hly understand.— r-I have another experiment 
to shew you wHh hydrogen gas, which I think will en* 
tertain you. Have you ever blown bubbles with soap 
;uk1 watisr ? 

Emily, Yes, •often, when I was a child ; and I used ' 
to make them float in the air by blowing them upwards. 

Mrs, Bf We shall fill some such bubbles with hy^ 
drogen gas. Instead of atmospheric air, and you will ^ 
see with what ease and rapidity they will ascend, with* 
out the assistance of blowing, from the lightness of the 
gas. — Will you mix some soap and water whilst I fil) 
this bladder ;yith the gas contained in the receiver which 
stands on the shelf in the water-bath. 

Caroline. What is the use of the brass stopper M)d 
turorcock at ^q top of the receiver ? 
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Mr$, B. It is to afibrd a passage to the gas when re- 
quired. There is, you see, a similar stop-cock fasten- 
ed to this bladder, M^hich is made to fit that on the re- 
ceiver. I screw them one on the other, and now turn 
the two cocks, to open a communication between the 
receiver and the bladder ; then, by sliding the receiver 
off the shelf, and gently sinking it into the bath, the 
water lises in the receiver and forces the gas into the 
bladder. {Plate Vll, Fig, \e.) 

Caroline, Yes, I see the bladder swell as the water 
rises in the receiver. 

Mrs, B. I think that we have already a sufficient 
quantity in the bladder for our purpose \ we soost be 
careful to stop both tiK cocks before we separate the 
bladder from the receiver, lest the gas should escape.^^ 
Kow I must fix a pipe to the stopper of the bladder^ 
and, by dipping its mouth into the soap and water, take 
up a few drops ; then I again turn the cock, and squeeze 
the bladder in order to ^rce the gas into the soap and 
water at the mouth of the pipe. (Plate VII. JPig, 17.) 

. £fmly^ There is a bi^ibte— >bttt k bums belbre it 
leaves U^e mouth of the pipe. 

Mrs, B. We must have patience and try again ; 
it is not so easy to blow bubbles by means of a bladdery 
aS simply with the breath. 

Caroline. Perhaps there is Tiot soap enough m the 
water ; I should have had warm water, it would have 
dissolved the soap better. 

Emily, Does not some of the gas escape between 
the bladder and the pipe I 

Mrs, B. No, they are perfectly air-tight ; we shall 
succeed presently, I dare say. 

Caroline, Ndw a bubble ascends ; it moves with the 
rapidity of a balloon. How beautifully it refracts the 
light ! 

Emly, It has burst against the ceiling— you suc- 

Plate VII. 

Kg. i6. Apparatus for transferring ^sses from a receiTer 
Into a bladder. Fig. x;. Apparatus for blowing foap bubblet. 
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teed now wonderfully ; but why do they all ascend and 
burst against the ceiling ? ^ 

Mrs. B. Hydrogen gas is so much lighter than at- 
mospherical air, that it ascends rapidly with its very 
light envelope, which is burst by the force with which 
it strikes the ceiling. 

Air balloons are filled with this gas, and if they car- 
ried no other weight than their covering, would ascend - 
as rapidly as these bubbles. 

QaroUne, Yet their covering must be much heavier 
than that of these bubbles ? 

' Mra, B. Not in proportion to the quantity of gas 
they contain. I do not know whether you have ever 
been present at the filling of a large balloon. The ap- 
paratus for that purpose is very simple. It consists of 
a number of vessels, either jars or barrels, in which ^ 

the materials for the formation of the gas are mixed, 
each of these being furnished with a tube, said com- 
municating with a long flexible^ pipe, which conveys 
the gas into the balloon. 

Mmiiy, But the fire balloons which were first invent- 
ed, and have been since abandoned, on account of their ^ 
being so dangerous, were constructed, I suppose, on 
a different principle. 

Mrs. B. They were filled simply with atmospheri- 
cal air, considerably rarefied, afid the necessity of hav- 
ing a fire underneath the balloon, in order to presei-ve 
the rarefaction of the air within it, was the circumstance "" 

productive of so much danger.. ^  

If you are not yet tired of experiments, I have ano- 
ther to shew you. It consists in filling soap bubbles 
with a mixture of hydrogen and oxygen gasses, in the 
proportions that form water; and afterwards setting 
fire to them. 

Emily, They will detonate, 1 suppose ? 

. Mrs. B. Yes, they will. As you have seen the 
method of tranferring the gas from the receiver into 
the bladder it is not necessary to repeat it. I have 
therefore provided a bladder which contains a due pro- 
portion of oxygen and hydrogen gasses, and we have 
only to blow bubbles iSith it. 
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' Caro&ne. Here is a fine large bubble rising — shall 
I set fire to it with the candle ? 
Mr9, B. If you please. 

Caroline. ' Heavens, what an explosion !-*-It was 
like the report of a gun : I tonfes^ it frightened me 
much, I never should have imagined it could be so 
loud. 

£mily. And the flash was as vivid as lightning. 

Mi'v, B, The combination of the two gasses takes 
place during that instant of time that you see the flash, 
and hear the detonation* 

Endly. This has a strong resemblance to thunder 
and lightning. 

Mrs, B, These phenomena, however, are most 
probably of an electiical nature. Yet various meteo- 
rological eflects may be attributed to accidental detona- 
ticMis of hydrogen gas in the atmosphere ; for nature a- 
bounds with hydrogen ; it constitutes a A^ery consider- 
able portion of the whole mass of water belonging to our 
globe) and from that source, almost every other body 
obtains it. It enters into the composition of all aniitial 
substances, and of a great number of minerals ; but it 
is most abundant in vegetables. From this immense va- 
riety of bodies, it is often spontaneously disengaged ; 
its great levity makes it rise into the superior regions 
of the atmosphere, and when, either by an el^tric sparky 
or any casual elevation of temperature, it takes fircy it 
may produce such meteors or luminous appearances as 
are occasionally seen in the atmosphere. Of tl^is kind 
are probably those broad flashes which we often see on 
a summer evening, without hearing any detona|i(H). 

Emily . Every flash I suppose, must produco a quam 
tity of water ? 

QiroUne. And this water, naturally, descends in the 
form of rain? 

. Mr8, B, That probabJy is often the case, though it 
is not a necessary consequence ; for the water may be 
dissolved by the atmosphere, as it descends towards the 
lower regions^ and remain there in the foi^m of clouds. 
But pray do not question me too closely oh this subjecti 
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for the phenomena of the atmosphere are not yet well 
understood ; and even with the Iktle that is known I am 
but hnperfectly acquainted. 



ContieriJation vn. 



On Sulphur and Pbosphorut^ 

Mra. B. 

StiXtPHUB is the next simple substance that conies 
under our con^eration. It dliffers in one essential point 
ivom the preceding, as it exists in a solid form at th« 
temperature of the atmosphere. 

Carolhw. I am ^d that we have at last a solid body 
to examine ; one tnat we can see and touch. Pray, is 
it not with sulphur that the points of matches are cover** 
ed to make them easily kindle ? 

Mr9, M^ Yes, it is ; and you therefore already know 
that sulphur is a very combustible substance. It is sel« 
dom discovered in nature in a pure unmixc;d state ; so 
great is its affinity for other substances, that it is almost 
constantly found combined with some of them. It is 
most commonly united with metals, under various forms, 
and is separated from them by a very simple process. 
It exists likewise in many mineral waters, and some veg- 
etables yield it in various proportions, especially those 
of the cruciform tribe. It is also found in animal mat- 
ter ; in short, it may be discovered in greater or less 
quantity, in the mineral, vegetable, and animal king- 
donis. 

, : Smly> • I have heard of Jlowera of aulfihur^ are they 

the pproduce of any plant ? 

. . ^^m BcL Bp no means : they consist of nothing more 
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diafi common sulphur reduced to a rery fine powder by 
a procesd called ^z^iimafton.— -You see some of it in this 
phial; it is exactly the same substance as thb lump of 
sulphur^ only its colour is a paler yellow, owing to its 
state of very minute division. 

Emily. Fmy what is sublimation ? 

Mra, B. It is the evaporation, or, more properly 
speaking, the volatliization of solid substances, which, it\ 
cooling, condense again in a concrete form. The pro- 
cess, in this instance, must be performed in a closed 
vessel) both to prevent combustion, which would take 
place if the access of aii* was not cai^efully precluded, 
and likewise in order to collect the substsoice after the 
operation. As it is rather a slow process, we shall not try 
the experiment now ; but you will understand it perfect- 
ly if I show you the apparatus used for the purpose 
{Plate Vlll, Fig, 18.) Some lumps of sulphur arc 
put into a receiver of this kind which, is called a cueurhit. 
Its shape, you see, somewhat resepsbles that of a pear, 
and it is opep at the top so as U^ adapt itself exactly 
to a kind of conical receiver of this sort called the head* 
The cucurbit, thus covered with its head, is placed 
over a sand-bath ; this is nothing more than a vessel- 
fuU of sand, v/hich is kept heated by a furnaoc,, i^uch 
9A you see here, so as to preserve the apparatui! ht a; 
moderate and imiibrm temperature. The sOfpKur; 
then soon begins to melt, and immediately after thi^ a 
thick white smoke rises, which is gradually deposited , 
within the head, or upper part of the apparatus, where 
it condenses against the sides, somewhat in the Ibrm 
of a vegetation, whence it has obtained tlie name of 
flowers of sulphur. This apparatus, which is cailed 
an alembicy is highly useful in all kinds of distillations, 
as you vdll see when we come to treat of those opera- 
tions. Alembics are not commonly made of glass, 
£ke this, which is applicable only to distillations upon 

PLATE VIII. 
Fig. x8. A. Alembic. B, Sand-bath. C Fornace. Fig. 19. 
Eudiometer. Fig« aa A, Retort containiDg water. R Lamp to 
heat the water. C C. Porcelain tube conuining Carbone. D. 
Furnace through which the tube pa0efl* £. Receiver for the gsft 
produced. F.Wate>bath, 
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a rtry small scale. Those used in manufactures ar« 
generally made of copper, mnd are cf course consider* 
ably larger. ^ The principal construction, however, is 
always tiie same, although their shape admits of some 
variation. 

Caroline, What is the use of that neck, or tube, 
tphich bends down from the upper piece of the appara* 
tus ? 

Mr9, B. It is of no use in sublimations ; but in dis-» 
tillations (the general object of which is to evaporate, 
by heat, in closed vessels, the volatile parts of a com^ 
pound body, and tq condense them again into a liquid) 
it serves to carry off the condensed fluid, which other- 
wise would fall back into the cucurWt. But this is rath^ 
er foreign to our present subject. Let us return to the 
sulphur. You now perfectly understand, I suppose, 
what is meant by sublimation ? 

. JEmUy, I believe I do. Sublimation appears to cwit 
dst in destroying, by means of heat, the attraction of 
aggregation of thp particles of a solid body, which are 
thus volatilised ; and as soon as they lose the calork. 
which produced that effect, they are deposited in the 
form of a fine powder. 

CaroSne. It seems to me to be somewhat similar to 
the transformation of water into vapour, which retumii 
to its liquid state when deprived of caloric* 

Emily. There is this difference, however, that the 
sulphur does not return to its former state, s4nce, instead 
of lumps, it changes to a fine powder. 

Mrs, B. Chemically speaking* it is exactly the same 
substance, whether in the form of lump or powder. For 
if this powder be melted again by heat, it will in cool-^ 
ing, be restored to the same solid state ia which it waa 
before its sublimation. 

Caroline^ But if there be no real change produced 
by the sublimation of the sulphur, what is the use of 
that operation ? 

Mn, B, It divides the sulphur into very minute parts, 
ai)d thus disposes it to enter more readily intp combina-t 
tion with other bodies* It is used alsQ as a means pf 
purification. 
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CaroSne. Sublimation appears to me like the iKgin- 
niDg of combustion, for the completion of which one 
circumstance only is wanting^ the absorption of oxygen. 

Mrs. B. But that circumstance is e\'ery th»ig. No 
^essential alteration is pvoduced in sulphur by sublima- 
tion ; whilst in combustion it combines with the oxygen 
and forms a new compound totally different in eveiy 
respect from sulphur in its pure state.— We shall now 
Sum some sulphiu*, and you will see how very difier*- 
ent the result wiU be. For this purpose I put a small 
quantity of flowers of sulphur into this cup, and place 
it in a dish> into which I have poured a little water ; I 
now set fire to the sulphur with the point of this hot 
^ire ; for its combustion will not begin unless its tem- 
perature be considerably raised.-«You see that it burns 
with a faint blueish fiame ; and as I invert over it this 
receiver, \yhite fumes arise fcom the sulphur and fill the 
vcssel.r-*You will soon perceive that the water is rising 
within the receiver, a little above its level in the plate. 
—Well, Emily, can you account for tliis ? 

£miii/. I suppose tliat the sulphur has absorbed the 
oxygen from the atmospherical air within the receiver ; 
and that we shall find some oxygenated sulphur in the 
cup. As for the v/hue smoke, I am quite at a loss to 
^ess what it may be. 

Mrs, B. Your irst conjecture is very right ; but you 
are quite mistaken in the last ; for nothing will be left 
in the cup. The wbite vapour is the oxygenated sul- 
phur, which assumes the form of an elastic fluid of ^ 
pungent and offensive smell, and is a powerful acid« 
Here you see a chemical combination of oxygen and 
sulphur, producing a true gas, which would continue 
such under the pressure and at the temperature of the 
atmosphere, if it did not unite -with the water in the 
plate, to which it imparts its acid taste and all its acid 
properties. — You see, now, with what curious effects 
the combustion of sulphur is attended. 

CaroHne, This is something quite new ; and I con- 
fess that I do not perfectiy understand why the sulphur 
turns acid. 

Mrs, B. It is because it unites with oxygen, which 
is the general acidifying principle. And; indeed, tlu5 
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word oxygen^ is deuTed from two Greek words sigmfy- 

iug tQ pro4uce an acid^ 

Caroline, Why then is not water^ which contains 
such a quantity of oxygen, acid \ 

Mrs. B. Because hydrogen, which is the other con- 
stituent of waten is not susceptible of acidification. 
I believe it will be necessary, before >ve proceed fur- 
ther, to say a ibw words of the general nature of acids, 
though it is rather a deviation from our plan of examin* 
ing the simple bodies separately, before we consider 
them in a ^ate of combination* 

Acids may be considered as a peculiar class of dumt 
bodies, which» during their combustion, or combina-^ 
tion with oxygen, hare acquired very characteristic 
propertiesr They are chieBy discemableby their sour 
taste, and by turning red most of the blue vegetable 
colours. These two properties are common to the 
whole class of acids ; but each of them is distinguish- 
ed by other pecuUar qualities. Every acid consists of 
some particular substance (which constitutes its basis, 
and is different in each), and of oxygen, which is com* 
moQ to.them alU 

Bmity. But i do not clearly se« the diffigrence be- 
tween acids and oxyds ? 

Mr: B. Acids were, in fact, oxyds, which,, by the 
addition of a sufficient quantity of oxygen^ have been 
converted into acids. For acidification, you must ob-- 
serve^ always < implies previous oxydatibn, as a body 
must have <:ombined with the quantity of oxygen requi- 
site to constitute it an oxyd, before it can combine with 
the greater quantity that is necessary to render it aa 
acid. 

Caroline, Are all oxyds capable of being converted 
into adds ? 

Mrs. B. Very far from it ; it is only certain sub- 
stances which will enter into th^t peculiar kind of union 
with oxygen that proiluces acids, and the number of 
these is proportionally very small ; but all burnt bodies 
may be considered as belonging either to the class of 
oxyds, or to that of aciJs. At a future period, we shall 
cater more at large upon this subject. At present, I 
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have but one circumstance further to poiat out to your 
observation respecting acids : it is, that most of them 
are susceptible of two degrees of acidification^ accord- 
ing to the dififerent quantities of oxygen with which 
their basis combines. 

Ewily, And how are these two degrees of acidifica- 
tion distinguished ? 

Mrs. B. By the peculiar properties that result from 
them. The acid we have ji»st made is the first or weak- 
est degree of acidification, and is called aulfihuroiia acid i 
if it were fully saturated with oxygen, it would be call- 
ed mlfihuric add. You must therefore remember, that 
in this, as in all acids, the first degree of acidification 
is expressed by the termination inou^i the sttx>nger> 
by the termination in ic. 

Caroline, And how is the sulphuric acid made ? 

Mrs^ B, By burning sulphur in pure oxygen gas, 
and thus renderkig its combustion much niore complete. 
I have provided some oxygen gas for this purpose ; ik 
Is in that bottle, but we must first decant the gas intoi 
the glass I'eceiver which stands on the shelf in the bath» 
and is full of water. 

Caroline, Pray, let me try to do it, Mrs. B ? 

Mrs^ B. It requires some little dexteiity — hold the 
bottle completely under water, and do not turn the 
mouth upwards, till it is immediately under the aper- 
ture in the shelf, through which the gas is to pass into 
the receiver, and then turn it up gradually.— Very well, 
you have only let a few bubbles escape, and that must 
be expected at a first tiial. — Now I shall put this piece 
of sulphur into the receiver, through the opening at 
the top, and introduce along w^ith it a small piece of 
lighted tinder to set fire to it. This requires being 
done very quicklyi lest the atmospherical air should 
get in, and mix with the pure oxygen gas. 

£miy. How beautifully it bums ! 

Caroline, But it is already buried in the thick va- 
pour. This I suppose is sulphuric acid ? 

Endty. ,.Are these acids always in a gaseous state ? 
Mr; B. Sulphurous acid, as we have already ob- 
served^ is a permanent gas,^ and can be obtained in a 
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liquid form only by condensing it in water. In its pure 
state, the sulphurous acid is invisible, and it appears in 
the form of white smoke, only from its combining with 
the moisture. But the vapour of sulphuric acid, which 
you have just seen to rise during the CQjnbusti<Hi, is not 
a gas, but only a vapour, which condenses into liquid 
sulphuric acid, merely by losing its caloiic. And this 
condensation is much hastened and promoted by receiv- 
log the vapour into cold water ; which may afterwards 
be separated from the acid by evaporation. 

Before we quit the subject of sulphur, I must tell you 
that it is susceptible of combining with a great variety 
of substances, and especially with hydrogen, with 
which you are already acquainted. Hydrogen gas can 
dissolve a small portion of it. 

Emily, What ; can a gas dissolve a solid substance ? 

Mr8, B. Yes ; a solid substance may be so minute- 
ly divided by heat, as to become soluble in a gas ; and 
there ai*e several instances of it. But you must ob* 
serve that, in tlus case, a chemical solution, that is to 
say, a combination of the sulphur with the hydrogen 
gas, is produced. In order tg effect this, the sulphur 
must be strongly heated in contact with the gas ; the 
heat reduces the sulphur to such a state of extreme 
^vision, and diffuses it so thoroughly through the gas, 
that they combine and incorporate together. And as 
a proof that there must be a chemical union between 
the sulphur and the gas, it is sufficient to remailv, tliat 
they are not separated when the sulphur loses the ca- 
loric by which it was volatilized. Besides, it is evi- 
dent, from the peculiar feted smell of this gas, that it 
is a new compound totally different from either of its 
constituents ; it is called sulfihurated hydrogen gas, and 
is contained in great abundance in sulphurous mineral 
waters. 

Caroline, Are not the Harrogate waters of this na- 
ture ? 

Mrs, B. Yes ; they are natui'ally impregnated with 
sulphurated hydrogen gas, and there are many other 
springs of the same kind ; which shews that this gas 
must often be formed in the bowels of the earth bj 
spontaneous processes of nature. 
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Caroline, And could not such waters be made arti* 
JlciaUy by impregnating common water with this gas \ 

Mt9, B. Yes \ they cani>e so well imitated as per-^ 
fii^ctly to resemble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and 
with the alkalies, and alkaline earths, substances with 
which you are yet unacquainted. We cannot, there* 
fore, enter into these combinations at present. In our 
next lesson we shall treat of phosphorus. 

Emily, May we not begin that subject toiday ; this . 
lesson has been so short ? 

. Mrs, B. J have no objection, if yqu are not tiredt 
What do you say, Caroline ? 

Curoline, I am as desirous as EipUy of prolonging 
the lesson to-day, especially as we are to enter on a 
new subject ; for I confess that sulphur has not appear* 
ed to me so interesting as the other simple* bodies. 

Mrs. B. Perhaps you may find phosphorus more 
entertaining. You mu^t not, however, be discouraged 
when you meet with some parjts of a study less amus* 
ing than others ; it would answer no good purpose to 
select the most pleasing parts, since, if we did not pro« 
ceed with some method, in order to acquire a genera) 
idea of the whole, we could scarcely expect to take io« 
terest in any particular subjects, 



teOSPHORUS, 

Phosphorus is a simple substance that was former* 
ly unknown. It was first discovered by Brandt, a chem« 
ist of Hamburgh, whilst employed in researches after 
the philospher*s st6ne ; but the method of obtaining it 
remained a secret till it was a second time discovered 
lx)th by Kunckel and Boyle, in the year 1680. You 
see a specimen of phosphorus in this phial ; it is gen< 
erally moulded into small sticks pf a yellowish colour^ 
a» you ftnd it h^re. 
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Caroline, . I da not understand in what the discovery 
consisted ; there may be a secret method of making a 
composition, but a simple body cannot be jnadcy it can 
only be found. 

Mrs. B. But a body may exist in nature so closeijr 
combined with other substances^ as to elude the obser^ 
ration of chemists, or render it extremely difficult to 
obtain it in its simple state. This is the case with phos-- 
phoFus, which is always so intimately combined with 
other substances, that its existence remained unnoticed 
till Brandt discovered the means of obtaining it free 
from all combinations. It is found in all animal sub- 
stances, and is now chiefly extracted from bones, by a 
chemical process. It exists also in some plants, that 
bear s strong analogy to animal matter in their chemical 
compo^tiott. 

Emily ^ But is it never found in its simple state ? 

Mrs. B. Never, and this is the reaspa of its having 
remained so long undiscovered. 

Enuly. It is possible, then, that in course of time 
other new simple bodies may be discovered I 

Mrs. B. Undoubtedly ; and we may also learn that 
some of those, which we now class among the simple 
bodies, may, in fact, be compound ; indeed, you wiU 
soon find that discoveries of this kind are by no meaaa 
unfrequent. 

Phosphorus is eminently combustible ; it melts: and 
takes fire at the temperature of lOOo, and absorbs in 
its combustion nearly once and a half its^ own weight of 
oxygen. 

Caroline, What * will a pound of phosphorus conr 
aume a pound and a half of oxygen ? 

Mrs. B. So it appears from accurate experiments. 
I can show you with what' violence it eombines with 
oxygen, by burning some of it in that gas. We must 
manage the experiment in the same manner as we did" 
the combustion of sulphur.fr-You see I am obliged to 
cut this little bit of phosphorus under water, otherwise 
there would be danger of its taking fire by the heat of 
my fingers. — 1 now put it into the receiver, and kindle 
It by means of a hot wire. 
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£mi{y* What a blaze ! I can hardly look at it. I 
never saw any thmg^so brilliant. Does it not hurt your 
eyes, Carolius ? 

Caro&ne. Yes ; but still I cannot help looking at 
it, A prodigious quantity of oxygen must indeed be 
absorbed, when so much light and caloric are disen- 
gaged r 

Mrs. B. In the combustion of a pound of phospho- 
rus, a sufficient quantity of caloric is set free to melt 
upwaixls of a hundred pounds of ice ; this has been 
computed by direct experiments with the calorimeter, 

Emily. And is the result of this combustion, like 
that of sulphur, an acid ? 

Mrs, B, Yes ; phosphoric acid. And had we du- 
ly proportioned the phosphorus and the oxygen, they 
would have been completely converted into phosphoric 
acid, weighing together, in this new state, exactly 
the sum of their weights separately. The water would 
have ascended into the receiver, on account of the va- 
cuum formed, and would have filled it entirely. In 
this case, as in the combustion of sulphur, the acid 
vapour formed is absorbed and condensed in the water 
of the receiver. But when this combustion is perform- 
ed without any water or moisture being present, the 
acid then appears in the form of concrete whitish flakes, 
which are, however, extremely ready to melt upon the 
least admission of moisture. 

EmUy. Does pliosphorus, in burning in atmo^her- 
ical air, produce, like sulphur, a weaker sort of the 
same acid ? 

Mrs* B, No ; for it burns in atmospherical air near- 
ly at the same temperature, as in pure oxygen gas ; 
and it is, in both cases, so strongly disposed to com- 
bine with the oxygen, that the combustion is perfect, 
a^ the product similar ; onfy in atmospherical air be- 
ing less rapidly supplied with oxygen, the process is 
• performed in a slower manner. , 

Caroline, But is there no method of acidifying phos- 
phorus in a slighter manner; so as to form /i/ioV^/^ori^ 
acid ? a* 

Mrs, B, Yes, tliere is. When sipjply expo^4 *• 
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the atmosphere, phosphorus undergoes a kind of slew 
combustion at any temperature above zero. ^ 

£rmly. But is not the process in this case, rather an 
oxydation than a combustion ? For if the ogygen js too 
slowly slbsorbed for a sensible quantity of light and heat 
to be disengaged, It is not a true combustion. 

Mrs. B, The case is not as you suppose ; a faint 
light is emitted which is very discernible in tlie dark ; 
but the heat evolved is not sufficiently strong to be sen- 
sible ; a whitish vapour arises from this combustion, 
which imiting with water, condenses into liquid phos- 
phorus acid. 

CaroUne, Is it not very singular that phosphorus 
should bum at so low a temperature in atmospherical 
air, whilst it does not bum in pure oxygen without the 
application of heat ? 

Mr%, B, So it at first appears. But this circum- 
stance seems to be owing to the nitrogen gas of the 
atmosphere. This gas dissolves small j)ardcles of phos- 
phoras, which being thus minutely divided and difius- 
cd in the atmospherical air, combines with the oxygen, 
and undergoes this slow combustion. But the same, ef- 
fect does not take place in oxygen gas, because it is not | 
capable of dissolving phosphorus ; it ;is therefore lie- 
cessary, in this case, that heat should be applied to ef- ^ 
feet that division of particles, which, in the former in- < 
stance, is produced by the nitrogen. 

Endly, I have seen letters written with phosphorus^ ' 
which arc invisible by day-light, but may be read in 
the dark by their own light. They look as if they were 
written with fire ; yet they do not seem to bum. 
* Mrs, B. But they do really bum ; for it is by their « 

slow combustion that the light is tmitted ; and phos- i 

phorus acid is the result of this combustion. 

Phosphorus is sometimes qsed as a test to estimate 
the purity of atmospherical air. For this purpose, it 
is burnt in a graduated tube called an fMcfe'o7«<?/er, (Plate 
Vlll. Jflg. \9.J and from the quantity of air which , 

the phosphoms absoibs, the proportion of oxygen in I 

the air examined, is deduced ; for the phosphorus will 
^>sorb all the cluiygen, and the nitrogen alone will re- 
main. 
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Ermly. And the tnore oxygen is contained in the 
atmospiiere, the purer I suppose it is esteemed ? 

Mrs, B. Certainly. Phosphorus, T^hen melted, 
combines with a great variety of substances. With 
sulphur it forms a compound so extremely combusti- 
ble) that it imniediately takes ;fire on coming in contact 
with the air. It is with this composition that the phos- 
phoric matches are prepared, which kindle as soon as 
they are taken out of their case and are exposed to the 
air. 

Emily, I have a box of these curious matches ; but 
I have observed, that in very cold weather, they will 
not take fire without being previously rubbed. 

Mrs, B. By rubbing them you raise their tempera- 
ture ; for you know, friction is one of the means of ex- 
tricating heat. 

Emily, Will phosphorus combine with hydrogen 
gas, as sulphur does ? 

Mrs. B. Yes ; and the compound gas which re- 
sults from this combination has a smell still more fetid 
than the sulphurated hydrogen ? it resembles that of 
garlic. 

The fihosfihorated hydrogen gas has this remarkable 
peculiarity, that it takes fire spontaneously in the at- x 
mosphere at any temperature. It is thus that are pro- -^ 
duced those transient fiames, or flashes of light, called 
by the vulgar Will-of-the-Wiafi^ or more properly IgntS' 
Ealid, which are often seen in church yards, and places 
wliere the putrefaction of animal matter exhales phos- 
phorus and hydrogen gas. 

Caroline. Country people, who are so much fright- 
ened by those appearances, would soon be reconciled 
to them, "if they knew from what a simple cause they 
'proceed. 

Airs. B, There are other combinations of phospho- 
rus that have also veiy singular properties, paiticularly 
that which results from its union with lime. 

Emily, Is there any name to distinguish the com- 
bination of two simple substances, like phosphofws and 
lime, neithei' of which are oxygen, and which there- 
fore can produce neitlier an oxyd nor an acid ? 
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which ^ake fire and detonate as i^ey issue from ihe 
water. 

CaroSne. There is one>^and another. How cari- 
ous it is 1-— *But I do not understand how this is produ* 
ced ? • 

. Mh, B. It is the consequence of a display of affin* 
ities too complicated, I (ear, to be made perfectly ifi< 
teilij^ ible to you at present. 

In a few words, the rec^ocal «ction of the potash, 
phosphorus, calodct and water, are such that some i^* 
the water is decomposed, ^nd the hydrogen thereby 
formed carries off i^ome minute particles of phospho« 
niftj with which }t forms phosphorated hydrcxieh gas, 
H compound which spcmtaneously ^kes gre at almost 
lk|iy temperature. 

JEimhf. What is that fcir^lar rfng of smoke whicU 
slowly ri$e& from, each bubbte after its detonation ? 

Mrs, B. It tonidsts of water and phosphoric afcid In 
^pour, which are pr6duttd ^y fb^ cc^bustlMi Of th% 
l^drogeii and |^osphoh)Us, 



Cont»e(ieratton viq. 



On (^arbonc. 



Q($roUne, 

To^DATj Mrs. B-<— I belicTe We are to leani the nft« 
ture and propeities of carbon^^. This substance is 
quite new to me ; I never heai^d it mentioned before. 

Mrs^ JB, ^ot so new as you imagine ; for carbone 
is nothing more tliaii charcqaj in a utate of perfect pn% 
rtty. 
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CaroUne* But charcoal is made byarty Mr9>. B. and 
a body consisting of one simple substance cannot be 
fabricated? 

Mrs: B, You again confound the idea of making 
a simple body, with that of separating it from a comT 
pound. The chemical process by which a ^mple body 
is obtained in a state of. purity, consist in unmaking the 
compound in which it is contained, in order to separate 
fix>m it the simple substance in question. The methn 
<xl by which charcoal is usually obtained, is, indeed, 
commonly called making it ; but, upon examination, 
you will find this process to consist simply in separate 
ing it from other substances with which it is found 
combined in nature. . 

Carbone forms a considerable part of the solid matt 
ter of all organized bodies ; but it is most abundant 
in the i^egatable creation, and U is chiefiy obtained 
from wood. When the oil and water (which are other 
cpn^titueuts of vegetable matter) are evapQrate4j the 
biack, porous, brittle substance that remains, is char- 
coal. 

Caroline, Eiut if heat be applied to the wood in orn^ 
der to evaporate the oil and water, will.not the tempe-. 
rature of the charcoal be raised so as to make it bum ; 
and if U combines with oxygen, can we any longe]^ 
call it pure ? 

Mrs, B, I was going to say^ that in this operation,^ 
the air must be excluded.; 

CaroUne, How then can the vapour of the oil an4 
water fly off? 

Mrs, B, In order to produce charcoal in its purest 
state (which is, even then, but a less impeifect sort of 
carbone), the operation should be performed in an earth- 
en retort. Heat being applied to the body of the re-: 
tort, the evaporable parts of the Wood will escape 
through its neck, into which no air can penetrate i|s 
long as the heated vapour continues to fill it. And if 
it be wished to collect these volatile products of the 
wood, thi^ can easily be done by introducing the neck 
of the retort into the water-bath apparatus, with which 
you are acquainted. But the preparation of common. 
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tkarcoul) kuch as hmed in kitchens aiid inaii«)&ctare^ 
is performed on a much larger scale? and by an easi^ 
and less expeni^re ptocesd. 

Mfmly, I have seen the process ti making ctoitneih 
charcoal. ^ The wodd 1^ tanged on the ground »i a pih^ 
of a pyramidical fdrm, With a fire undeiH^ath ; the 
whole i^ then covered ^ith clay, a few h6les<0tUy be^i 
ing left for the circulation of aii** 

Mrs, B, These holes are closed as soon as the Wood 
is iairly lighted, so that the combustion is checked, or 
at least continues but in a very imperfect manner ; but 
the heat pfoduced by It is sufiicielit to fbrce out and vola^ 
tiiize, through the earthy cover, most part of the cnly 
and watery principles of the wood, although it cannot 
reduce it to ashes, 

Mndly, Is pufe catbon6 a6 black as -charcos^ ? 

iW^^. A The mdte charcoal id purified, that U t4 
aay, the nearer It approached to the l^tate of siniplQ 
rarbonej the deeper its black colour, appear^ ; but the 
utmost effoits of chemical art, are not able to bring it 
to its perfect eletnetitary state ; for In that l^tate it is 
both colourless and transpat^iiSt, and as different in apt 
pearance from charcoal a& any substance can poii^bly 
be. Thii ring which 1 wear on tny finger, owes ivi 
krilliancy to a smaU piece of cai^bmie^ 

CaroUne, Surely you are jesting, Mrs. fi. 1 

M>rmhf^ I thought that your ring was diamon<} ? 

Mrs^ B^ It is so. But tUamond is nothijoig more than 
carbone in its purest and most perfect states. 

EanUif, That ia afitohisli^g ! Is ilrpoft^bte fo ^e 
two things appatetntly n^r^ different t^an ^n^(^ and 
charcoaT? * - 

Caroline. . jft is, Indeed, curious ta thirt; thS 1V6 
adorn ourselves with jewels of charcoal ? 

Mrs, A When you are, better acquainted with the 
nature of chrystalization, in which state bodies ar^ gen- 
erally the |)ure^, ycru will more readily conceive the 
possibility of catbciie assufiaing the transjjareticy alidl 
nritliancy of diamond. 

There are tnany other substancess, consisdng chit^fi; 
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of carborx, that are remarkably white.. Cotlouj for 
instance, is alfQO^t wholly Qarbone.. 

Caroline, That, I own, I could never have imagin-. 
ed ! — But pray,^ Mrs. B. Singe it is know of what sub-, 
stance diamond and cotton, ar^ composed, "why should 
they liot be manufactui^d, or imitated, by some chem*-. 
ical process, whiph^ would render tbem much cheaper 
and more plentiful, than the present mpde of otitaining 
them ? 

Mrs. B. You mighl^ as wqll my dear, propose that. 
we should make flowers and fruij, nay perhaps evea( 
animals, by a chemical process ; for it ijs knoM^n of what; 
these bodies consist, sincq every thing which we are; 
acquainted w^h in nature,, i* formed from the various, 
simple substances that we have enumerated. But, yoii; 
must not supposQ- that a knowledge of th^ coniponent. 
parts of a body will in Qvery case enable us to imicate^ 
it. It is n^ch less difficult tp dqoomQQse ttpdies, and? 
discover of . what materials they are made, than it is to- 
recompose Aem., The fjrjst of these processes is calK 
ed analysisy the last Synthesis, ^ When we are able tq. 
ascertain the nature of a substance by both these me- 
thods, 4o tjiat the result of one confirins th^t of the: 
other, ve obtain the inost complete knowledge of i| 
that we are capable ot acquijij^g.. This is the cas^ 
with wosevy v/hU the atmosphere, with most of. the 
oxyds, acids, and neutral salts, andwkh many other 
compounds. But the more complicated combinations, 
of nature, evea in the mineral, kingdom, are in gene-, 
ral beyond our reach, and any attempt toimitate organ-*, 
ized bodies must ever, prove fnaitless ;, their f9]^nation 
is a secret that rests ip the bosom, of the Creator. Yoq-. 
see, therefore, how vain it would be to attempt.the form-- 
atioiUkf cotton by chemical means. But, surely, we: 
have no reason to regret our inability in this instance^, 
when nature hasLSo clearly pointed, a n^thpd of ob-- 
taining it in perfection and abundance. 

Caroline, I did not imagine that the principle of 
life could be imitated by the aid of chemistry ; but it 
did not appear to me ridiculous tp.suppose that cheniist^ 
migh attain a perfect imitation of inaniniate nature^ 

Mrs. JB. They have succeeded in this point in a 



/" 



leai^iiety of instances ; but, as you justly observei the' 
principle of life, or even the minute and intimate or-*, 
ganizatiop of the vegetable kingdom, are secrets that 
bave almost entirely eluded t^e researches of philoson. 
^hers ; nor do I imagine that human art will ever be 
(^pable of investigating theni virith complete success. 

Endly, But. di^imond, since it consists merely of one 
simple unorganized substance, might be, one would* 
\hinky perfectly imitable by art ? 

Mre,^ B, It is sometimes as much beyond our powec 
to obtain a simple body in a state of perfect purity, as it 
2^ to imitate a complicated combination ; for the opera-^ 
ticHis by which nature decomposes bodies are frequent-*, 
ly as inimitable as those which sh^ uses for their com-, 
bination. This is the case wi^b carbone ; all the ef-. 
forts of chemists to separate it entirely from other sub^ 
stances, have been fruitless, and in the purest state ia 
which it can be obtained by art, it still retains a portion 
Qf oxygen, and probably of some o|her foreign ingre-> 
dients.. It is ip the di^tnond.alone^ as I have observed 
before, thifiti carbone b supposed to^ exist in fts perfect 
&rm ; we are ignorant of the means which nature em«c 
ploys to bring It to. that, state ; itn^a);; probably be the 
work of age's, to purify^ aitrange> and unke the parti-- 
clesof carbone in. the &rni of diitmond.. And with re-i 
gard to our aitiiicial carbone, which we call charcoal, 
we must consider it as an oxyd of carbone ; since, what^ 
ever may be. the means employed for obtaining it, it 
s^lways. i;etai|)s a: iimall portion of oxygen. Here is 
some charcosd lathe purest state we can. procure it :, , 
you see that it is a very black, brktle, light, porous 
substance, entirely destitute of either taste or smelly 
Heat, without air, pipduces no alteration in it, as it is. 
not volatile ;. but on the contrary, it invariably remains 
at the bottom of the vessel a&er aU the others parts ot 
the veget^le ai?e evaporated.. 

£nttlyk, Q^rbpne is, no^ doubt^ combustible, since 
you say l^at chaiicoal would absorb oxygen if air was. 
admitted durmg its preparation ? 

Caroline, Unquesdonably. Besides, you know, Em*, 
jjy? bow much it is used in cooking. But pray what \». 
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the reason that charcoal bums vithaut amdko) whilst a 
wood fire smokes so much ? 

Jl^, B. ' Because^ in the conversion of wood inta 
charcoal, the vdatiie particlea of the ^rtiier have beefi 
eva^oratedi 

CaToHnc^ Yet I have fi'equently aeeft charcoal burti_ 
with fiafne ; therefore it musts in that case, contain 
$ome hydrogen. 

Mr9, B. Very true ; but you must recollect that 
charcoal, especially that which is used for common 
purposes, is very far from being pui'C. It generally re« 
tains, as we have seen^ not only a small quantity of 
oxygen, but also some remains of the variouit^ other 
component parts of vegetables, and hydrogen particu* 
lar!y> which accounts for the fiame in question. 

Caroihu. But what becomes of the carbotie itself 
during its combustion ? 

Mrs, B« It gradually combines vrith the oxygen of 
the atmosphere, in the same way as sulphur dm t>hos« 
phonis, and, like those substances, it is converted iota 
a peculiar acid, which flies off in a gaseous &)rm« 
There is this diSferencet however, that the acid is not^ 
in this instance, as in the two cases just mentioned, a 
mere condensable vapour, but a pernianent elastic fiuid» 
which always remains in the state of gas, under any 
pressure and at any temperature. The nature of thi& 
acid was first asceilained by Dr. Black, of Edmburgh i 
and, before the introduction of the new nomenclature^ 
it was called^^(fc/a«>. It is now distinguished by th% 
more appropriate name of carbon^ acicfgas^ 

JEtmly. Carbone, then, can be volatilized by bum< 
ing, thougi^by heat alone, no such eifeqt is produced I 

Mrs, H, Yes ; but then it is no longer simple car« 
bone, but an acid of which carbcMie fomoES the bH8i29< 
In this state, carbone retains no more appearance of 
solidity or coqioreal Ibrm, than the basi» of auy other 
gas^ And you niay, I think, frotn this instance^ de-u 
rive a more clear idea of the ba^ c^ the o«.ygen» by« 
drogen, and nitrogen gasses, the existence of which,, 
as real bodies, you seemed to doubt^ because they wqjv 
not to be obtained simply in a solid £orm« 
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Mmihf,' That Is true ; we may conceive the basis of 
the oxygen, and of the other gasses, to be solU, heavy 
substances, like carbone ; but so much expanded by 
caloric, as to become invisible* 

C-aro&net But does not the carbonic acid gas partake 
. of the blackness of charcoal ? 

Mrs, B, Not in the least. . Blackness, you know* 
does not appear to be essential to cai*bone, ana it is pure 
carbone, and not charcoal, that we must consider ar 
the basis of carbonic acid. We shall make some car- 
bonic acid, and, in order to hasten the process, we 
^hallbumthe carbone in oxygen gas. 

£mly. But how can you make carbonic acid, un« 
less you cai> burn diamond; since that alone is pure 
^rbone i 

Mtb, B, Charcoal will answer the purpose still bct« 
ter ; for the parbone being, in that state, already com- 
bined with some portion of oxygen, it will require less 
pf that principle to complete its oxygenation^ 

CaroUne, Bi^t is it possible to bum dianiond ? 

Mrs. B. Yes, it is 5 and, in order to effect this coca-* 
bastion, nothing more is required than to apply a sufRm 
cient degree of heat by means of the. blow«pipe, and of 
a stream of oxygen gas. . Indeed it is by burning dia- 
mond that its chemical nature has been ascertained. It 
is long since it has been known, as a combustible sub-« 
stance,, but it is within these few years only that the 
product of its combustion has been proved to be pure 
carbonic acid. This discovery is due to Mr. Tennant^ 
But still more recent experiments have shown, that 
diamond requires a greater proportion of oxygen than 
charcoal to be converted into carbonic acid. \X appears 
that 15 pans of diamond require &5 parts of oxygen to 
form 10Q parts of carbonic acid 1 whilst 2^ parts of chais 
coal take up only 72 parts of oxygen to produce lOO 
.parts of carbonic acid j f rom which it is naturally inn 
ferred that carbone, in the state of charco^dj k already 
combined with a portion of oxygen. 

Now let uis try to make some carbc»)ic acid.-^WiH 
you, Emily, decant some oxygen gas from this J|rge 
j^' into the receiver ixx which we ai'e to burn the ^r-- - 
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bone ; and I thell intrpduce tibis smadl piece of cshar- 
coal, with a little l^ted under^ vrlnch will be necettar 
ty to give the first liUpulae to the tombustioii. 

Emily. • I cannot conceive how so small a piece Of 
tinder, and that but ju^ lighted, can raise the temper- 
ature of the carbone sufficiently to set fire to it; for it 
can produce scarcely any sensible heat, and it hardly 
touches the carbone. 

Mr9, B, Th^ tinder thus kindled has only heat e- 
Bough to begin its own combustion, which, however,* 
soon becomes so rapid in the oxygen gas, as to raise 
the temperature of the charcoal sufficiently for this lo 
bum Hkeirase, as you see is now the case. 

Etmly. I am surprised that the combustion of car* 
bone is not more brilliant ; it does not disengage near 
so much light or caloric as phosphorus, or sulphur. . 
Yet, ^nce it combines with so much oxygen, why Is 
not a proportional quantity of light and heat disenga- 
ged from the decomposition of the oxygen gas ? 

Mr9^ B, It is not surprising that less light and heat 
should be disengaged in this than in almost any other 
cmnbustion^ since the oxygen, instead of entering into 
a solid or a liquid combination, as it does in the phos- 
phoric and sulphuric acids, is employe!} in forming * 
another elastic fluid. 

fimiiy, Ti^^ I ^l^d, oi) second consideration, it afH 
|>6ars, on the contrary, surprising that the oxygen 
should, in its combination with carbone, retain a auffi? 
^ient petition of caloric to maintain both substances in a 
gaseous sl^te. 

Carolhie, We may then judge of the degree of so* 
lidity in which oxygen is combined in a burnt body, by 
the quantity of caloric liberated duYing its combustion ? 

Mrs B. Yes ; provided thg\t you take into the ac* 
^ount th^ quantity of oxygen absorbed by the combus^ 
tible body, an^ observe the proportico^i which the calor- 
ic bears to it. 

Caroline, But why should the water, after the com- 
bustion of carbone, rise in the receiver ance th^ ga^ 
vithin it retains an aerifor ?n state ? 
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«J**^''" Beowae cwbonic add gM- b-more denw. 
awicoosequmtly occupies Ie» space than oj.yg«n «. I 
the wtt« therefore rises to fill the vacuum foWf b^ 
the dwamutwn of volume, oC die ^9. ^ 

_C«ro&»r. That b very clear : and Ae condersstira 

i»^r«. ^. The gas must be decreased in volume, 
from that drcumstance, in a certain proportion ; but 
Its density is still further increased by the additbn of the 
carbone. But besides this condensation, there is in our 
experiment another cause of t^e diminution of Tohime, 
which is, that carbo&ic acid gas, by standing over wa- 
ter, is gradually absorbed by it, an effect which is pro^ 
moted by shading the receiver. 

Emily. The charcoal is now extinguished, though 
it is not nearly consumed; it has such an extaordiiiftry 
avidity for oxygen, I suppose, that the receiver did not 
contain enough to satisfy the whole. 

Mrs, B. That is certainly the case; for if the com- 
bustion was peiformed in the exact proportions of .38 
parts of caiibone to 72 of oxygen, both these ingredi- 
ents would disappear, aad 100 parts of carbonic acid 
would be produced. 

. Carolme, Carbonic acid must be a very strong acid, 
since it contains so great a proportion of oxygen ? 

Mra^B, That is a very natural inference ; yet it is 
erroneous. For the carbonic is the weakest of all the 
acids. The strength of an acid seems to depend upon 
the nature of its t^sis and its mode of combhiation, aa 
well as upon the proportion of the acidifying principle. 
The same quantify of oxygen that will convert some 
bodies into strong acids, will only be sufficient simply to 
oxydate others. 

CaroUne. Since this acid is so weak, I think chem- 
ists should have called it the carbonous^ instead of the 
carbonic acid. 

Emily, But, I suppose, the carbonous acid is still 
weaker, and is formed by burning carbone in atmosphe- 
rical air. 

Mrs, B. No, my dear. Carbone docs not ap- 
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]^ar to be susceptible of more than one degree of 
acidification, whether burnt in oxygen gas, or atmos- 
pherical air. There is therefoi*e no carbonous acid. 

It has indeed been lately discovered, that carfoone may 
be converted into a gas, by uniting with a smaller pro- 
portion of oxygen ; but as this gas does not possess any 
acid properties, it is no more than an oxyd ; and in order 
to distinguish it from charcoal, .which contains a still 
smaller proportion of oxygen, it is called gaaeou9 oxyd 
ofcarbone. 

Caroline. Pray is not carbonic acid a very whole- 
some gas to breathe, as it contains so much oxygen ? 

Mra, B. On the contrary, it is esttremely perni- 
cious. Oxygen, when in a state of combination with 
other substances, loses, in almost every instance, its 
respirable properties, and the salubrious effects which 
it has on the animal economy when in its uncombined 
state. Carbonic acid is not only unfit for respiration, but 
extremely deleterious if taken into the lungs. 

EmUy, You know, Caroline, how very unwholesome 
the fumes of burning cliarcoal are reckoned. 

Caroline, Yes ; but to confess the truth, I did not 
consider that a charcoal fire produced carbonic acid 
gas/— Pray, can this gas be condensed into a liquid ? 

Mrs, B, No : for, as I told you before, it is a perma- 
nent elastic fluid. But water can absoi^ a certain quan- 
tity of this gas, and can even be impregnated with it, 
in a very strong degree, by the assistance of agitation 
and pressure, as I am going to show you. I shall de- 
cant some carbonic acid gas into this bottle, which* I 
fill first with water, in order to exclude the atmospher- 
ical air ; the gas is then introduced through the water, 
which you see it displaces, for it will not mix with it in 
any quantity unless strongly agitated, or allowed to 
stand over it for some time. The bottle is now about 
half full of carbonic acid gas, and the other half is still 
occupied by the water. By corking the bottle, and 
then violently shaking it, in this way, I can mix tlic 
gas and water together. — Now will you taste it ? 

£?mly. It has a distinct acid taste. 

Caroline. Yes, it is sensibly sour, and appears full 
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•f little bubbles. 

Mrs, B. It possesses likewise all the other proper- 
ties of acids, but of course in a less degree thai) the 
pure carbonic acid gas, as it is so much diluted by wa- 
ter. 

This is a kind of artificial Seltzer water. By analy- 
sing that which is produced by nature, it was found to 
contain scarcely any thing more than common water 
impregnated with a certain proportion of carbonic acid 
gas. We are, therefore, able to imitate it, by mixing 
those proportions of water, and carbonic acid. Here, 
my dear, is an instance, in which, by a chemical pro- 
cess, we can exactly copy the operations of nature ; for 
the artificial Seltzer waters can be made in every res- 
pect similar to those of nature : in one point, indeed, 
the former have an advantage, since they may be x^re- 
pared stronger, or weaker, as occasion requires. 

Caroline. I thought I had tasted such water before. 
But what renders it so brisk and sparkling ? 

Mrs, B, This sparkling, or effervescence, as it is 
called, is always occasioned by the action of an elastic 
fluid escaping from a liquid ; in the artifical Seltzer wa- 
ter it is produced by the carbonic acid, which being 
lighter than the water in which it was strongly conden- 
sed, flies off" with great rapidity the instant Sie bottle is 
uncorked ; this makes it necessary to drink it immedi- 
ately. The bubbling that took place in this bottle was 
but trifling, as the water was but very slightly impreg- 
nated with carbonic acid. It requires a particular ap- 
paratus to prepare the gaseous artificial mineral waters. 

Endly, If, then, a bottle of Seltzer water remains 
for any length of time uncorked, I suppose it return* 
to the state of common water ? 

Mrs, B. The whole of the carbonic acid gas, or verv 
nearly so, will soon disappear ; but there is likewj^j^^ 
Seltzer water a very small quantity of soda, and f 
other saline or earthy ingredients, which ^1;^^^^^ • 
in the water, though it should be kept un^j^" without 
length of time. ^^^ ^^.x-oduced by the 

Caroline. 1 have oftepdre ; for, during the corn- 
water, pray wh.v carbonu are successively volatilized 
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Mt9. B. It i&a kind of artificial Seltzer water, hold-' 
Ing in solution, besides the gaseous acid^ a particular 
saline substance, called soda, which imparts to the wa* 
ter certain medicinal qualities. 

Caro&ne. But how can these waters be so whole- 
some, since carbonic acid is so pernicious ? 

Mrs, B, A gas we may conceive though very pre- 
judicial to breathe, may be beneficial to the stomach.-— 
But it would be of no use to attempt explaining this more 
fully iat present. 

Caroline. Are waters never impregnated with other 
gasses ? 

Mrs. B. Yes ; there are several kinds^ of gaseous^ 
waters. I forgot to tell you that waters have for some 
years piast been prepared, impregnated both with oxy- 
gen and hydrogen gasses. These are not an imitation 
of nature, buft are altogether obtained by artificial means. 
They have been lately used medicinally, particularly 
abroad, where, I undeti9land> they have acquired some 
reputation. 

Ermhf. If I recollec::t nght, Mrs. B. you told us that 
carbone was capable of decomposing water ; the affin- 
ity between oxygen and carbone must therefore be grest- 
ter thsui between oxygen and hydrogen ? 

Mra. B. Yes ; but this is not the case unless their 
temperature be raised to a certain degree* It is only 
when carbone is red hot, that it is capable of separa- 
ting the oxygen from the hydrogen* Thtis^ if a small 
quantity of water be thrown on a red hot fire, ft will in- 
crease, rather than extingmsh the combustion ;< lor the 
coals or wood (botli of which contain a great qtiaAtky 
of carbcme) decompose the water, and thus supply the 
fire both with oxygen and hydrogen gasses. If, on the 
contrary, a large mass of water be thrown over the firey 
'«gdiminution of heat thu» produced is such that the 

. ^l|stible matter loses the power of decomposing the 

occup?^-^^ fire is extinguished. 

tlien vioTeJt^^ve heard that fire engines sometimes 

gas and water w KOod, and that they actually inci>ease 
JS,imly. It has a distifJw?«vv water enewgh to ex- 
Caroiine. Yes, it is sensibly soxi.. to the decom- 
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position of the water by ih^ carbonic during the confiar 
gration. 

Mr9, B, Certainly.— -The apparatus which you see 
here (Plate VIII. Fig. %0.) may be used to exemplify 
what we have just said. , It consists in a kind of open 
furnace, through which a porcelain t^ibe, containing 
<:harcoaU passes. To one end of the tube is adapted a 
glass retort with water in it j and the other end com*- 
municates with a receiver placed on the water bath. A 
lamp being apptied to the retbit, and the water made 
to boil, the vapour is gradually conveyed through the 
red hot charcoal, by wluch it is decomposed ; and the 
hydrogen gas which results from this decomposition is 
collected in the receiver. But the hydrogen thus ob-v 
tained is far from being pure ; it retains in solution a 
minute portion of carbone, and contains also a quantity 
of carbonic acid. This renders it heavier than pure 
hydrogen gas, and gives it some peculiar properties ; 
it is distinguished by the name of carbonated hydrogen 
gas, 

CaroUne. And whence does it Obtain the carbonic 
9cid that is mixed with it ? 

Ermiy, I believe I can answer that question, Carol- 
ine.— From the union of the oxygen (prgceedinc' frotn 
the decomposed water) with the carbone^ whicii, you 
Imow, makes carbonic add. 

CaroUne, 'True ; I should have recollected that.^^ 
The product of the decomposition of water by rfd ftot 
charcoal, therefore, is carbonated, hydrogen gas and 
carbonic acid gas. 

Mrs. B, You are perfectly right now. 
Carbone is frequently found combined with hydrogen 
in a state of solidity, especiaUy in coals, which owe 
their combustible nature to these two principles. 

Ermiy. Is it the hydrogen, then, that produces the 
^ame of coals ? 

Mrs. B. It is so; and when all the hydrogen is 
consumed, the carbone continues to bum without 
6ame. But again the hydrogen gas produced by the 
combustion of coals is not pure \ for, during the com" 
bustion, particles di carbone are successively volatilized 
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•with the hydrogen» with which they form what is called 
a hydro^cdrbonatey which is the essential combustion. 

Carbone is a very bad conductor of heat ; for this 
reason it is employed (in conjunction with other ingredi* 
ents) for coating furnaces and other chemical apparatus* 

£mzly. Pray what is the use of coating furnaces ? 

Mrs. B, In most cases, in which a furnace is used, 
it is necessary to produce and preserve a great degree 
of heat, for which purpose every possible means are 
used to prevent the heat from escaping by communica-. 
ting with other bodies, and this object is attained by 
coating over the inside of the furnace with a kind of 
plaster, composed of materials that are bad conductors 
of heat. 

Carbone combined with a small quantity of iron, fbrms 
a com'pound called plumbago, or black lead, of which 
pencil are made. This substance, agreeably to the' 
nomenclature, is q carburet of iron. 

Caroline. Why, then, is it called black lead ? 

Mrs. B. I really cannot say; but it is certainly a most 
improper name for it, as there is not a particle of lead 
in the composition. There is another carburet of iron 
though united only to an extremely small proportion 
of carbone, acquires very remarkable properties ; this 
is steel. 

Caroline. Really ; and yet steel is much harder than 
iron ? 

Mrs. B. But carbone is not ductile, like iron, and 
therefore may render the steel more brittle, and pre- 
vent its bending so easily. Whether it is that the car- 
bone by introducing itself into the pores of the iron, 
and by filling them, makes the metal both harder and 
heavier ; or whether this change depends upon some 
chemical cause, I cannot pretend to decide. But there 
is a subsequent operation, by which the hardness of 
steel is very much increased, which simply consists in 
heating the steel till it is red hot, and then plunging it 
into cold water. 

Carbone besides the combination just mentioned, ei?- 
ters into the composition of a vast number of natur^il 
productions, such, for instance^ 9» all the Tarious kinds 
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jof oils, which result fiK>m the combination of carbonc, 
hydrogen, and caloric, in various proportions. 

Endly, I thought tibat carbone^ hydrogen, and ca- 
loric, formed carbonated hydrogen gas ? 

Mr8, B^ That is the case when a small poiiion of 
carbonic acid gas is held in solution by hydrogen gas. 
Different proportions of the same principles, together 
with the circumstances of their union, produce very 
^different combinations ; oS this you will see innumera- 
ble examples. Besides we are not now talking of gas* 
ses, but of carbone and hydrogen, combined only with 
a quantity of caloric sufficient to bring tjxem to the con» 
t^stency of oil or fat. 

Caroline, But oil and fat are not of the same consis* 
tence? 

Mrs, B, Fat is only congealed oil ; or oil, melted 
fat. The one requires a little more heat to maintain it 
in a fluid state, than the other. Have you never oI> 
served the fat of meat turned to oil by the caloric it has 
imbibed from the fire ? 

Emily. Yet oils in general; ais salad oil» and lamp 
oil, do not turn to fat when cold ? 

Mrs, B. Not at the common temperature of the atr 
mosphere, because they retain too much caloric to con- 
geal at that temperature ; but if exposed to a sufficient 
degree of coldt, their latent heat is extricated, and they 
become . ^olid'^ fat substances. Have you never seen 
salad oil frozen in winter i 

Endly^ Yes ; but it appears to me in that state very 
different from animal fat* f 

Mrs, B, The jessetilaal constituent parts of either 
vegetable or animal oils are the same, carbone and hy^ 
drogen ; their variety arises from the different propor- 
tions of these ^bstances, and frjom other accessary in- 
gre^ents that may be mixed with them. The oil of a 
^hale, and the -oil of roses, are, in their essential con- 
stituent parts, the same ; but the one is impreg;nated 
with the offensive particles of aiumal matter, thepther 
with the delicate perfume of a flower, 

The difference oi fixed oiisf and volatile Qr c^emtud 
dls^ consist also in the various proportions of carbone 
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and hydrogen. Fixed oils are those which will not evap- 
orate without being decomposed ; this is the case with 
all common oils, which contain a greater proportion of 
carbone than the essential oils« The essential oils 
(which comprehend the whole class of essences and 
perfumes) are lighter ; they contain more equal pro- 
poitions of carbone and hydrogen, and arc volatilized 
or evaporated without being decomposed. 

£miy. When you say that one kind of oil will evap- 
orate, and the other be decomposed, you mean, I sup- 
pose, by the application of heat ? 

Mrs, B. Not necessarily ; for there are oils that 
wijl evaporate slowly at the common temperature of 
the atmosphere ; but for a more rapid volatilization, or 
for their decomposition^ the assistance of heat is re- 
quired. 

Caroline, I shall now remember, I think, that fat 
and oil are really the same substances, consisting both 
©f carbone and hydrogen ; that in fixed oils the car* 
bone preponderates, and heat produces a decomposi- 
tion ; while, in essential oils, the proportion of hydro- 
gen is greater, and heat produces volatilization only. 

Emily, I suppose the reason why oil bums so well 
in lamps, is because Its two constituent6 are so com- 
bustible i 

Mr9, B. Certainly ; the combustion of oil is just 
the same as that of a candle ; if tallow, it is only oil 
in a concrete state ; if wax, or spermaceti, its chief 
chemical ingredients are still hydrogen and carbone. 

Entity. I wonder, then, there should be so great a 
difference between tallow and wax ? 

Mrs. B, I must again repeat that the same substan- 
ces, in different proportions, produce results that have 
sometimes scarcely any resemblance to each other* 
But this is rather a general remark that I wish to im- 
press upon your minds, than one which is applicable to. 
the present case ; for tallow and wax are far from be- 
ing very dissimilar ; the chief difference consists in 
the wax being a purer compound of carbone and hy- 
<Jrogen than the tallow, which retains more of the 
gsrpss particles of animal matter. The combustion of 
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a candle, and that of a lamp, both produce water an4 
carbonic acid gas. Can you tell me how these are 
formed ? 

Emily, Let me think . Both the candle and 

lamp bum by means of fixed oil — this is decomposed 
as the combustion goes on ; and the constituent parts 
of the oil being thus separated, the carbone unites to 
a portion of oxygen from the atmosphere to form car- 
bonic acid gas, whilst the hydrogen combines with 
another portion of oxygen, and forms with it water. 
The products therefore, of the combustion of oils, are 
water and carbonic acid gas. 

Qarolme, But we see neither water nor carbonic 
acid produced by the combustion of a candle ? 

Mrs. B. The carbonic acid gas, you know is invisi- 
ble, and the water being in a state of vapour, is so like- 
wise. Emily is perfectly correct in her explanation, 
and I am very much pleased with it. 

All the vegetable acids consist of various proportion* 
of carbone and hydrogen, acidified by oxygen. Gums, 
sugar, and starch, are likewise composed of these in- 
gredients ; but as the oxygen which they contain is not 
sufficient to convert them into acids, they arc classed 
•with the oxyds, and called vegetable oxyds. 

Ermly^ I am very much delighted with all these 
new ideas ; but at the same time, I cannot help bein^ 
apprehensive that I may forget many of them. 

Mrsn Bn. > I would advise you to take notes, or, what 
would answer better still, to write down, after every 
lesson, as much ot it as you can recollect. And, iu 
order to give you a little assistance, I shall lend you 
the heads or Index, which I occasionally consult for 
the sake of preserving some method and arrangement 
in these conversations. Unless you follow some such 
plan, you cannot expect to retain nearly all that you 
learn, how great soever be the impression it may make 
on you at first. 

Evilly. I will certainly follow your advice.— Hither- 
to I have found that I recollected pretty well what you 
have taught us \ but the history of carbone is a mora 
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extensive subject than s^y of the simple bodies we 
have yet examined. 

Mr9* B. I have little more to say on carbone at pre- 
sent, but hereafter you will see that it performs a con* 
«iderable part in most chemical operations. 

Caroline. That is, I suppose, owing to its entering 
into the composition of so great a variety of substances! 

Mrs. B. Certainly ; it is the basis, you have seen, 
of all vegetable matter ; and you viill find that it is 
very essential to the p>rocess of animalization. But in 
the mineral kingdom also, particularly in its form of 
carbonic acid, we shall often discover it combined with 
a great variety of substances. 

In chemical operations, carbone is particularly use« 
ful, from its very great attraction for oxygen, as it will 
absorb this sid>stance from many oxygenated or burnt 
bodies, and thus deoxygenate, or unburn them, and 
restore them to their original combustible state, 

Caroline^ I do not understand how a body can b^ 
unbumtj and restored to its original state. This piece 
of tinder, for instance, that has been burnt, if by any 
means the oxygen was extracted from it, would not be 
i^stored to its former state of linen ; for its texture is 
destroyed by burning, and thaf must be the case with 
all organized or manufactured siAstaiices, as you ol> 
served in a former conversation, 

Mrs. B, A compound body is decomposed by com^ 
bustion, in ^ way which generally precliides the possi* 
ability of restoring it to Its former state ; the oxygen, for 
instance, does not become fixed in the tinder, but it 
• <:ombines with its volatile parts, and flies off in the 
shape of gas, or watery vapour. You see therefore, 
how vain it would be to attempt the recomposition of 
•such bodies. But, with regard to simple bodies, or at 
least bodies whose constituents are not disturbed by the 
process of oxygenation or deoxygenation, it is often 
possible to restore them, after combustion to their orig- 
inal state, — The metals, lor instance, undergo no oth-» 
•er alteration by combustion than a combination with 
oxygen ; therefore, when the oxygen is taken from 
4hem, thej return to their pure metallic state. But I 
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shl^ say nothing further of this at present, as the me- 
tftM will furnish ample subject for another morning ; 
tHhd they are the class of simple bodies that come next 
tmder our consideration. 



^i[4c^p^ 



Conuetiffation ix. 

On Metals. 



Mra. B, 

The metals, which we are now to examine, are 
bodies of a very different nature from those which we 
have hitherto considered. They do not, like the ele- 
ments of gasses, elude the immediate observation of 
our senses : for they are the most brilliant, the most 
ponderous, and the most palpable substances in nature* 

Caroline. I doubt, however, whether the metals will 
appear to us so interesting, and give us so much enter- 
tainment as those mysterious elements which conceal 
themselves from our view. Besides, they cannot af- 
ford so much novelty ; they are bodies with which wc 
are already so well acquainted, 

Mrs, B. But the acquaintance, you will soon per- 
ceive, is but very superficial ; and I trust that you will 
find both novelty and entertainment in considering the 
metals in a chemical point of view. To treat of this 
subject fully, would require a whole course of lectures ; 
for metals form of themselves a most important branch 
of practical chemistry. We must, therefore, confine 
ourselves to a general view of them. These bodies 
are seldom found naturally in their metallic form ; they 
are generally more or less oxygenated or combined with 
sulphur, earths, or acids, and are often blended with 
each other. They are found buried }p the bowels of 
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the «aVtii in most parts of the globe^ but chiefly in 
mountainous districts, where the surface of the globe 
has suffered from earthquakes, volcanoes, and other 
convulsions of nature* They are there spread in strata 
or beds, called vdns, and these vein's are composed of 
a certain cpantity of nfiMaU combined, i^itl^ vsflioi^i^ 
earthy . sisbstances, y^i^ wMch they form minerals of 
different nature and appearance, which are called ores. 

CaroHne, I am now amongst old acquaintance, for 
my father has a lead mine in Yorkshire, and I have 
heard a great |}eal about veins of ore, and of the roasts 
ing and smelting of the lead ; but, I confess^ that I do 
not understand in what these operations consist. 

Mrs. B* Roasting is the process by which the vola«> 
•tile parts of the ore are evaporated ; smelting, that by 
which the pure metal is afterwards separated from the 
earthy remains of the ore. This is done by throwing 
the whole into a furnace, and mixing with it certain 
substances, that will combine with the earthy parts, and 
other foreign ingredients of the ore ; the meta) being 
the heaviest, falls tQ the bottom^ and runs out by proper 
openings, in its pure metallic state. 

Endlyj, You told us in a prececling lesson that me*- 
tals had a strong affinity for oxygen. Do they not, 
therefore, combine with oxygen, when strongly heated 
in the furnace, and run out in the state of oxyds ? 

Mrs, B. No ; for the scoriae, or oxyd, which soon 
forms on the surface of the fused metal, when it is 
oxydable, prevents the air from having any further in*- 
fluence on the masi^ ; so that neither combustion nor 
oxygenation can take place. 

Caroline, Are all the metals combustible ? 

Mrs, B. Yes, without exception ; but their attrac- 
tion for oxygen varies extremely : there are some that 
will combine with it only at a very high temperature, 
or by the assistance of acids ; whilst there are others 
that oxydate of themselves very rajudly, even at the 
lowest temperature^ as manganese, which scarcely 
ever exists in its metallic state, as it immediately ab<* 
sorbs oxygen on being exposed to the sdr, and crum<' 
bles to an oxjd in the course of a few hours* 



.«^^, 



( m ) 

Endfy. Is it not from that 0x3rd that you extracted 
the oxygen gas ? 

Mr%, JB. It is ; so that, yott see, this metal attracts 
oxygen at a low temperature, and parts with it when 
strongly heated. 

Endly. Is there any other metal that oxydates at the 
temperature pf the atmosphere ? 

Mrs, B. They all do, more or less, excepting gold, 
ttlver, and platindr 

Copper, lead, and iron, oxydate slo^yly in the air, and 
cover themselves with a sort of rust, a process which 
depends on the gradual conversion of the surface into 
anoxyd. This rusty sur&ce preserves the interior 
metal from oxydation, as it prevents the sar from com- 
ing in contact with it. Strictly speaking, however, the 
word rust applies only to the oxyd, which forms on the 
surfj^ce of iron, when exposed to air and moisture, 
which oxyd appears to be united with a small portion of 
carbonic acid. 

Emily, When metals oxydate from the atmosphere 
without an elevation of temperature, some light and 
heat, I suppose, must be disengaged, though not in 
sufficient quantities to be sensible. 

Mrs, B. Undoubtedly ; and, indeed, it is not sur- 
prising that in this case the light and heat should net 
be sensible, when you coni^ider how extremely slow, 
and, indeed, how imperfectly^ most metals oxydate 
by mere exposure to the atmosphere. For the quan- 
tity of oxygen with which metals are capable of com- 
biiung, generally depends upon their temperature ; 
and the absorption stops at various points of oxydation^ 
according to the degree to which their temperature is 
raised. 

J&mily, That seems very natural ; for the greater 
the quantity of caloricintroduced into a metal, the fur- 
ther its particles are separated "from one another, and 
the more easily, therefore, can they attract the oxy- 
gen and combine with h. 

Mrs, B. Certainly ; and besides, in pn^rtion as 
the resistance diminishes on cme hand, the affinity in- 
creases on the other. When the metal oxygenates 
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With sufficient rapidity for light and heat to become sen- 
sible, combustion actually takes place. But this hap- 
pens only at very high temperatures, and tjie product 
is nevertheless an oxyd ; for though, as I have just said, 
metals will combine Math different proportions of oxy- 
gen, yet, with the exception of only five of them, they 
are not susceptible of acidification. 

Metals change colour during the different degrees of 
oxydation which they undergo. Lead, when heated in 
contact with the atmosphere, first becomes grey ; if its 
temperature be then raised, it turns yellow, and a still 
stronger heat changes it to red. Iron becomes succes- 
sively a green, brown, and white oxyd. Copper changes 
fix)m brown to blue, and lastly green. 

Emily, Pray, is the white lead with which houses 
are painted prepared by oxydating lead ? 

Mrs, B, Yes ; almost all the metallic oxyds are 
used as paints. Red lead is another oxyd of that me- 
tal. The various sorts of ochres chiefly oensist of iron 
more or less oxydated. And it is a remarkable circum- 
stance, that if you burn metals rapidly, the light or 
flame they emit during combustion partakes of the 
colours which the oxyd successively assumes. 

Caroline. How is that accounted for, Mrs. B. ? For 
light, you know, does not proceed from the burning 
body, but from the decomposition of the oxygen gas I 
I hope you have a satisfactory answer to give me, for 
I am under some apprehensions for my favourite theo- 
ry of combustion ; and for the world I would not have 
it overthrown. 

Mrs, B. Do not 4?e alarmed, my dear ; I do not 
think it was ever supposed to be in danger from this cir- 
cumstance. The correspondence of the colour of the 
light with that of the oxyd which emits it, is, in all 
probability, owing to some particles of the metal which 
are volatilized and carried off by the caloric. 

Caroline, It is then a sort of metallic gas. 

Endly, Why is it reckoned so unwholesome to 
breath the air of a place in which metals are melting ? 

Mrs, B. For this double reason, that most metals 
in melting oxydate more or less at their surface, and 
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thereby diminish the purity of the air ; but more es- 
pecially because the particles of the oxyd that are vola- 
tilized by the heat, and breathed .with the air of the 
room are very noxious. • This is particularly the case 
vfith lead and arsenic. Besides the large furnaces that 
are required for these fusions, contribute also materially 
to alter the salubrity of the air in those places where 
the process is carried on. 

I must shew you some instances of the combustion 
of metals ; it would require the heat of a furnace to 
make them bum in the common air, but if we supply 
them with a stream of oxygen gas, we may easily ac- 
complish it. 

CaroHne. But it will still, I suppose, be necessary ' 
in some degree to raise their temperature ; for the oxy< 
gen will not be able to penetrate such dense substances, 
unless the caloric forces a passage for it. 

Mrs, B. This, as you shall see, is very easily done, 
particularly if the experiment be tried upon a small 
scale. — I begin by lighting this piece of charcoal with 
the candle, and then increase the rapidity of its com- 
bustion by blowing upon it with a bk>w-pipe. (Plate 
IX. Mg.2\.J 

Emily, That t do not understand ; for it is not eve- 
ry kind of air, hot merely oxygen gas, that produces 
combustion. Now you said that in breathing we in- 
spired, but did not expire, o^gen gas. Why, there- 
fore, should the air which you breathe through the 
blow-pipe, promote the combustion of the chared ? 

Mrs, B. Because the air, which has but once pass- 
ed through the lungs, is yet but little altered, a small 
pardon only of its oxygen being destroyed ; so that a 
great deal more is gained by increasing the rapidity of 
ihe current, by means of the blow-pipe, than is lost in 
consequence of the air passing once through the hmgs, 
as you shall see—* 

PLATE IX. 

Fig. az. Igniting chircoal with a taper and blow-pipe. Fig, 
22. Combustion of metals by means of a blow- pipe conveying a 
stream of oxygen gas from a gas-holder* . 

N 
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ETmly. Yes, indeed ; it makes the charcoal .burn 
much brighter. . ^^* 

Mrs, B. Whilst it is red hot, I shall drop some iron 
filings on it, and supply them with l^current of oxygen 
gas, by means of this apparatus f P&e IX. Fig. 22,) 
which consits simply of a closed tin cylindrical vessel, 
full of oxygen gas, with two apertures and "^ stop*cocks, 
by one of which a stream of water is thrown into the 
. vessel through a long funnel, whilst by the other the 
gas is forced out through a blow-pipe adapted to it^ as 
the water gains admittance. — Now that I pour water 
into the funnel, you may hear the gas issuing from the 
blow pipe — I bring the charcoal close to tiie current, 
and drop the filings upon it.-*-« 

Caroline. They emit much the same vivid light as 
the combustion of tlie iron wire in oxygen gas. 

Mrs, £, The process is, in feet, the same ; there 
is only some difference in the mode of conducting it. 
Let us burn some tin in the same niantier— you see 
that it is equally combustible-Let us now try some cop- 
per—- 

Caroline. This bums with a greenish flame ; it is I 
suppose, owing to the colour of theoxyd ? ' 

Emily, Pray, shall we not also bum some gold ? 

Mrs, B» That is not in our power, at least in this 
way. Gold, silver, and.platina, are incapable of being 
pxydated by the greatest heat that we can produce by the 
common method. It is from tliis circumstance that 
they have been called perfect metals. Even these, howe- 
y " "^'cr, have an affinity for oxygen ; but their oxydation or 
\ combustion can only be performed by means of elec- 
tricity. The spark given out by the Galvanic Pile pro- 
duces in the point of contact a greater degree of -^ heat 
than any other process ; and it is at this very high tem- 
perature only that the affinity of these metals for oxygen 
will enable them to act on each other. 

> 

I am sorry that I cannot shew you the combustion of 
the perfect metals by this process, but it requires a con- 
siderable Galvanic Battery. You will, however, see 
these experiments performed in the most perfect mau- 
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ner, when you attend the chemical lectures of the Rpy» 
al Institution. 

Caroline, I think you said that the oxyds of metals 
could be restored to their metallic state ? 

Mrs, B. Yes ; this is called reviving a metal. Mc" 
tals are in general capable of being revived by char* 
coal, when heated red hot, charcoal having, at that 
temperature, a greater attraction for oxygen than the 
metals. You need only therefore, decompose, or uur 
burn the oxyd, by depriving it of its oxygen, and the 
metal will be restored to its pure state. 

Emily, But will the carbone, by this operation, be 
burnt, and be converted into carbonic acid ? 

Mrs, B. Certainly. There are other combustible 
substances to which metals at a high temperature will 
part with their pxygcn, They will also yield it to each 
other, according to their several degrees of attraction 
for it ; and if the oxygen goes into a more dense state 
in the metal which it enters, than it existed in that which 
it quits, a proportiipnal disengagement of caloric will 
take place. 

Caroline, And cannot the oxyds of gold, silver, and 
pladna, which are formed by nieans of the electric 
fluid, be restored to their metallic state ? 

Mrs. B, Yes, they may ; but the intervention of a 
combustible body is not required ; heat alone will take 
the oxygen from thena, convert it into a gas, and revive 
the metal. 

Emily. Ypu said that rust was an oxyd of i ron ; how 
is it, then, that water, or merely dampness, produces 
it, which, you know, it very frequently does on steel 
grates, or any iron instruments. 

Mrs, B, In that case the metal deconiposes the 
water, or dampness (which is nothing but water in a 
jstate of vapour;, and obtains the oxygen from it. 

Caroline, I thought that it was necessary to bring men- 
tals to a very high temperature to enable them to decoip* 
pose water. 

Mrs B, It is so, if it is required that the process 
slipuld be perfornied rapidly, and if any considerable 
i^uantity is tp be decomposed. Rust you know is some* 
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times months in forming, and then it is only the sur- 

&ce of the metal that is oxydated 

Emily. Metals, then, that do nqt rust, are incapar 
ble of spontaneous oxydation, either by air or water r 

Mrs, B, Yes ; and this is the case with the perfect 
metals, which on that account, preserve their metallic 
lustre so well. 

Caroline. When metals are oKydated by means of 
water, is there no sensible disengagement of light and 
heat ? 

Mr9. B. No ; because the oxygen exists already in 
a dense state in water ; and the portion of caloric that 
it pans with combines with the hydrogen to contert it 
into a gas« 

Emily. Are all metals capable of decomposing watei^ 
provided their temperature be sufficiently raised I 

Mrs. B. No ; a certain degree of attraction is re- 
quisite, besides Uie asslstmce d[ heat. Water you re^ 
collect, is composed of oxygen and hydrogen ; and 
unless the afiinity of the metal for oxygen be stronger 
than that of hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the 
hydrogen. Iron, mC| tin, and antimony, have a stft)ng« 
er affinity for oxygen than hydrogen lias, therefore 
these four metals are capable of decomposing water. 
But hydix)gen having an advantage over all the other 
metals with respect to its afiinity for oxygen, it not (mly 
withholds its oxygen from them, hut is even capable 
in certain circumstances, of taking the oxygen from 
the oxyd of these metals. 

Emily, I confess that I do not quite understand why 
hydrogen can take oxygen from those metals that do 
not decompose water. 

Caroline, Now I think I do perfectly. Lead for in* 
stance will not decompose water, because it has not so 
strong an attraction for oxygen, as hydrogen has. Well, 
then, suppose the lead to be in a state of oxyd ; hy- 
drogen vHin take the oxygen fix>m the lead, and unite 
with it to form water, because hydrogen has a stronger 
attraction for oxygen, than oxygen has for lead \ and it 
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is the same vith all the other metals M^hich do not de- 
compose water. 

Emily. I understand your explanation, CaroUne- 
very well ; and I imagine that it is because lead caO) 
not decompose water that it is so m^ch employed for 
pipes for conveying that fluid. 

Mrs, B, Certainly ; lead is, oir that account, par- 
ticularly appropriate to such purposes ; whilst, on the 
contrary, this metal, if it was oxydable by watejr, would 
impart to it very noxious qualities, as all oxyds of lead 
are more or less pernicious. 

But, ^yith regard to the oxydatipn of metals, there 
is a mode of effecting it more powerful than either or 
the former, which is by means of acids. These, you 
know, contain a nauch greater proportion qf oxygen 
than either air or water 5 and will, most of theift, easi- 
ly yield it to n^etals. Have you never observed, that if 
you drop vinegar, lemon, or apy acid, on the blade of 
a knife, or on a pair of scissars, it will immediately pro- 
duce a spot of rust. 

Carotene, Yes, often ; and I am very careful now 
to wipe off the acid immediately to prevent the rust 
from forming, 

Emily ^ Metals have, then, three ways of obtainini; 
oxygen ; from tUe atmosphere, from water, and from 
Acids, 

Mra^ B, The two first you have already witnessed, 
£qid I shall now show you how metals take the oxygen 
from an acid. This bottle contains nitric acid ; I shall 
pour some of it over this piece of copper-leaf 

Caroline, Oh, what a disagreeable smell ! 

Emily, And ,what is it that pixxiuces the effervesr 
cence and.that thick yellow vapour ? 

Mrs, B, It is the acid, which being abandoned by 
the greatest part of its oxygen, is converted into a 
weaker acid, which escapes in the form of gas. 

Caroline, And w^hence proceeds this heat ? 

Mrs, B. Indeed, Carohne, I think you might now 
be able to answer that question yourself. 

Caroline, Perhaps it is that the oxygen enters into 

N i 
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the metal in a more solid state than it existed in the acid^ 
in consequence of which caloric is disengaged. 

Mrs, B, You have found it out, you see^ without 
much difficulty. 

JSntUy. The effervescence is over ; therefore I sup- 
pose that the metal is now oxydated. 

Mrs, B. Yes. But there is another important con- 
nection between metals and acids, with which I must 
make you acquainted. Metals when in the state of 
oxyd$, are capable of being disolved by acids. In this 
operation they enter into a chemical combinatioi) with 
tlie acid, and form an entirely new compound. 

Caroline, But what difference is there between the 
oxyxiaHon and the dissolution of a metal by an acid ? 

Mrs, B. In the first case, the metal merely com- 
bines with a portion of oxygen taken from the acid, 
which is thus partly deoxygenated, as in the instance 
|ou have just seen ; in the second case, the metal after 
oeing previously oxydated, is actually dissolved in the 
acid, and enters into a chemical combination with it, 
without producing any further decomposition or effer- 
vescence. — This complete combination of an oxyd and 
an add forms a peculiar and important class of com* 
pound salts. 

- Emily. The difference between an oxyd and a com- 
pound salt, therefore, is very obvious : the one consists 
of a metal and oxygen ; the other of an oxyd and acid. 

Mrs. B. Very well : and you will be careful to re- 
member that the metals are incapable of entering into 
this combination with acids, unless they are previously 
oxydated ; therefore, virhenever you bring a metal in 
contact vdth an acid, it will be first oxydated and after- 
wards dissolved, provided that there be a sufficient 
quantity of acid for both operations. 

There are some metals, however, whose soludon is 
more easily accomplished, by diluting the acid in water ; 
and the metal will, in thia case, be oxydated, not by 
the acid, ftit by the water, which it will decompose. 
But in proportion as the oxygen of the water oxydate* 
the surface of the metal, the acid combines with it, 
washes it off, and leaves a fresh surface for the oxygen 
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to act upon : then other coats of oxytJ are successively 
formed, and rapidly dissolved by the acid, which Con- 
tinues combining vrith the new-formed surfaces of the 
oxyd till the whole of the metal is dissolved. During 
this process the hydrogen gas of the water is disengag- 
ed and flies off with effervescence. 

EmUy, Was not this the manner in which the sul* 
phuiic acid assisted the iron filings in decomposing wa-^ 
ter ? 

Mrs, B, Exactly ; an^ it is thus that several metals, 
which are incapable alone of decomposing water, are 
jftnabled to do it by the assistance of an acid, which, by 
continually washing off the covering of oxyd, as it is 
. formed, prepares a fresh surface of metal to act upoa 
the water. 

CaroU7i€, The acid here seems to act a part not very 
different from that of a scrubbing-brush. — But pray 
would not this be a good method of cleaning grates 
and metallic utensils ? 

Mra^ B^ You forget that acids have the power of 
oxydating metals^, as well as that of dissolving their ox- 
yds ; so that by cleaning a grate ia this way, yoa 
would create more rust than you could destroy. 

Caroline, True ; how thoughtless I was to forget 
that I Let us watch the dissolution of the copper in th£ 
nitric acid ; for I am vef y impatient to see the salt that 
is to result from it. The mixture is now of a beautiful 
blue colour ; but there is no appearance of the forma- 
tion of a salt ; it seems to be a tedious operation. 

Mrs^ B, The crystallization of the salt requires 
some length oi time to be completed ; if, however, you 
are so impatient, I can. easily shew you a metallic salt 
already formed. 

CaroUne, But that would not satisfy my curiosity 
half so well as one of our own manufacturing. 

Mrs. B. It is one of our own preparing that I 
mean to shew you. When we decomposed water a few 
days since, by the oxydation of iron filmgs, through 
the assistance of sulphuric acid; in what did the process 
consist ? 
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Caro&ne. In pMPoportion as the water yielded its <^-* 
ygen to the iron, the acid combined with the new^ibrxu* 
edoxyd, and the hydrogen escaped alone. 

Afr*. B. Very well : the result^ therefore, was a 
compound salt, formed by the combination of sulphuric 
acid with oxyd of ircHi. It still remains in the vessel 
ip which the experiment was performed. Fetch it, and 
W0 shall examine it. ^ 

Emily, What a variety of processes the decomposi* 
tion of water, by a metal and an acid, implies ! 1st, 
The depompositioa of the water ; 2dly, the oxydaticm 
of the metal ; and 3dly, the formation of a compound 
3alt. 

Caroline, Here it is, Mrs. B,w^What beautiful green 
crystals r But we do not perceive any crystals in 'the 
solution qf copper in nitrous acid ? 

Mrs, B, Because the salt is now suspended in the 
water which the nitrous acid contains, and will remaiq 
so till it is deposited in consequence of rest and cooling. 

jEmUy, I am surprised that a body so opaque as 
iron can be converted into such transparent crystals. 

Mrs, B, It is the union with the acid that produces 
the transparency ; for if the pure metal was melted, 
and afterwai^ds permitted to cool and crystallize, it would 
i>e found just as opaque as before. 

En^ly, I do not understand the exact meank^ of 
crystallization ? 

Mrs, JB, You recollect that when a solid body -is 
dissolved either by water or caloric, it is not decompo* 
sed ; but that its integrant parts are only suspend<>d in 
the solvent. When the solution is made in water, the 
integrant particles of the body will, on the water being 
evaporated, again unite into a solid mass, by the Srce 
of their mutual attraction. But when the body is. dis-t 
solved by caloric alone, nothing more is necessary, in 
order to make its particles reunite, than to reduce its 
temperature, And, in general, if the solvent, wheth** 
er water 6r caloric, be slowly separated by evaporation 
or by coolinp^, and car^ taken that the particles be not 
agitated during their reunion, they will arrange them* 
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selves in regular masses, each individual substance as- 
suming a peculiar form or arrangement ; and that is. 
what is called crystallisiatibn. 

JSTtnly, Crystallization, therefore, is simply the re« 
union of the particles of a solid body that has been dis<« 
solved in a fluid. 

Mrs, B, That is a very good deftiition of it. But 
I must not forget to observe, that heat and water may 
iinite their solvent powers ; and in this case, crystalli- 
zation may be hastened b^ coolk>g, as well as by eva<* 
porating the liquids 

Caroline., But if the body dissolved be of a volatile 
nature, will it not evaporate with the fluid ? 

Mrs, B. A crystallizable bpdy, held in solution only 
by water, is scarcely ever so volatile as the fluid itself,, 
and care must be taken to manage the heat, so that it 
may be suflicient to evaporate the. water only. 

I should not onpdt to menticHi that bodies, in crystal-^ 
Hang from their watery solution, always retain a small 
portion of water, which remains confined in the crystal 
in a splidform, and does not reappear, unless the body 
loses its crystalline state. This is called the water of 
cryatn^&zatim.. 

• It is also necessary that you should here more par<«. 
Iicularly remark the difference, to which we have for- y 
merly alluded, between the simple solution of bodies 
either in water or in caloric, and the solution of metals^ 
m acid^ ; in the first case, the body is merely divided 
by the solvent into its minutest parts. In the latter, 
a similar effect is, indeed, produced i but it is by means 
of a chemical combination between ^e metal and the 
acid, in which both lose their characteristic properties. 
The first is a mechanical operation, the second a chem^ 
ical process. We may, therefore, distinguish them by 
ealting the first a simple solutioriy and the other a chemim. 
€(d solution. Do you understand this difference ? 

£mily. Yes ; simple solution can affect only the at* s 
traction of aggregation. But chemical solittion implies ' ^. 
9l\&o. an attraction of composition, that is to say, an ac« 
tual combination between the solvent and the body dia* 
solved. 
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Mr9. B, You have expressed your idea very well 
indeed* But you must observe, also, that whilst a bo* 
dy may be separated from its solution in water qr ca» 
lorici simply by cooling or by evaporation, an acid can 
be taken from a metal with which it is combined, only 
by stronger affinities, which produce a decompositiont 

Ermly. I think tliat you have rendered the differ* 
ence between these two kinds of solution so obvious, 
that we can never confound them. 

Mrs^ B. Notwithstai)ding, however, the real dif*- 
ference which there appears to be between these two 
operaUoDS, they are frequently confounded. Indeed, 
several modern chemical writers, pf gi'eat eminence, 
have even thought proper to gejieraUze the idea of so« 
lution, and to suppress entirely the distinction introdu* 
ced by the great Lavoisier, which I have taken so much 
pains to explain, and which I confess appears to me to 
render the subject much clearer, 

Endfy^ Are the perfect metals susceptible of being 
dissolved and converted into compound salts by acids ? 

Mra. B, Gold is acted upon by only one acid, th^ 
P^ygewted muriatic^ a very remarkable acid, whicl)| 
^hen in its most concentrated state, dissolyes gold or 
any other metaj, by burning them rapidly. 

Gold can, it is true, be dissolved likewise by a mix* 
ture of two acids, commonly i:alled agua regia ; but Xhva, 
mixed solvent derives that property from containing 
the peculiar acid which I have just mentioned. Plati* 
na is also acted upon by this acjd only ; but silver ^ 
dissolved by several of them^^ 

Caroline, I tiiink you said that some of the metab 
might be so strongly oxydated as to becon^e acid ? 

Mrs. B. There ?ire five metals, arsenic, molybde* 
na, chrome? tungsten, and columbium,* which arp 
susceptible of combining with a sufficient quantity cf 
oxygen* to be converted into acids. 

CaroUne, Acids are connected with metals in such a 
variety of ways, that I am afraid of some confusion in 

* Columbium, which has not long fince been difcovered by 
Mr. Hatchett, was inadvertently omitted in the enumeration of 
ihe simple bodies giveq in the firft converfation. 
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remembering them.— In the first phcC) acids will yield 
then* oxygen to metals. Secondly, they will combine 
with tiiem in their state of oxyds, to form compound 
salts ; and lastly, several of the metals are themselves 
susceptible of acidification. 

Mrs, B. Very well ; but though metals have so 
great an afBnity for acids, it is not with that class of bo- 
dies alone that they will combine. They are most of 
them in their simple state, capable of uniting with sul- 
phur, with phosphorus, with carbone, and with each 
other ; these combinations, according to the nomen- 
clature which was exfiilained to you t«i a former occa- 
sion, are called sulfihuretSf phosfihorets, carbureta^ &c. 

The metallic phosphorets offer nothing very re- 
markable. The sulphurets form the peculiar kind of 
mineral called ^j/nVe«, fromWluch certain kinds, of mi- 
neral waters, as those of Harrogate, derive their chief 
chemical properties. In this combinationi the sulphur, 
together witli the iron, have so strong an attraction for 
oxygen, that they obtain it both from the air and from 
water, and by condensing it in a solid form, produce 
the heat which raises the temperature of the water in 
such a remarkable degree. 

Emily ^ But if pyrites obtsdn oxygen from water, 
that water must suffer a decomposition, and hydrogen 
gas be evolved ? 

Mrs. B. That is actually the case in the hot springs 
alluded to, which give out an extremely fetid gas, 
composed of hydrogen impregnated with sulphur. 

Caroline. If I recollect right, steel and plumbago, 
which you mentioned in the last lesson, are both car- 
burets of iron ? 

Mrs, B. Yes ; and they are the only carburets of 
much consequence. 

A curious combination of metals has lately very much 
attracted the attention of the scientific world : I mean 
the stones that fall from the atmosphere. They all 
consist principally of native or pure iron which is never 
formed in that state in the^bowels of the earth ; and 
contain also a small quantity of nickle and chrome, a 
combination likewise new in the mineral kingdom. 
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These circumstances have led many scientific persons 
to believe that those substances have fallen from the 
moon or some other planet, while others are of opinion 
either that they are formed in the atmosphere, or are 
projected into it by some unknown volcano on the sur- 
&ce of our globe. 

Car^Hne, I have heard much of these stones, but I 
believe many people are of opinion that they are form- 
ed on the earth, atid laugh at their pretended celestial 
ori^- 

Mrs. B, The fact of their falling is so weU ascer- 
, tained, that I think no person who has at all investiga- 
ted the subject, can now entertain any doubt of it. Spe^ 
cimens of diese stones have been discovered in all parts 
of the world, and to each of them has some tradition or 
story of its fall been found connected. And as the ana- 
lysis of all the specimens affords precisely the same 
results^ we have thus a very strong proof that they all 
proceed from the same source. It is to Mr. Howard 
that philosophers are indebted, for having first analysed 
these stones, and directed their attention to this inter- ' 
esting subject. 

But we must not suffer this digression to take up too 
much of our time. 

The combinations of metals with each other are cal- 
led alloys ; thus brass is an alloy of copper and zinc ; 
bronze, of copper and tin, &c. 

Emily. And is not pewter also a combination of me- 
tal? 

Mrs. B. It is. The pewter made in this country, 
is mostly composed of tin, with a very small proportion 
of zinc and lead. 

CaroUne. Block-tin is a kind of pewter, I believe ? 

Mrs. B. No ; it is iron plated with tin, which ren- 
ders it more durable, as tin will not so easily rust. Tin 
alone, however, would be too soft a metal to be wor- 
ked for common use, and all the tin vejisels or utensils 
are in fact made of plates of iron thinly coated with tin, 
which prevents the iron from rusting. 

Caroline. Say rather oxy dating^ Mrs. B.— >Rust is a 
Word that should be exploded in chemistry. 
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3^8. S. Take care, however, not to iritrodu^e the 
word oxidate instead of rust, in general conversation ; 
for either you will not be understood, or you will be 
laughed at for your conceit. 

Caroline. I confess that my attention is, at present* 
So much engaged by chemistry, that it sometimes leads < 
me into ricUculous observations. Every thing in nature 
I refer to chemistry, and have often been laughed at 
for mv continual allusions to it. 

« 

Mt8» B. You must be more cautious and discreet 
k) this respect, my dear, otherwise your enthusiasm, 
although proceeding from a sincere admiration of the' 
science, will be attributed to pedantry. 

Metals difier very much in their affinity for each oth- 
er ; some will not unite . at all, others readily combine - 
together, and on this property of metals the art of «o/cf- 
ering depends. 

Emily. What is soldering ? 

' Mrs, B, It is joining two pieces of meial tog;ether, 
by beating them, with a thin plat/* of a more fusible me- 
tal interposed between them. Thus tin is a solder for 
lead ; brass, gold, or silver, are solder for iron, &c. 

Caroline. And is not /Hating metals somethLig of the ' 
.same nature? 

Mrs. B. In the operation of plating, two netals are 
'United, one being covered with the other, but without 
the intervention of a third ; iron or tin may thus be cov- 
ered with gold or silver. 

£mly. Mercury appears to me of a very different 
nature from the other metals. 

Mrs. B. Gne of its greatest peculiarities is that it 
retains a fluid state at the temperature of the atmos- 
phere. AH metals are fusible at different degrees of 
heat, and they have likewise each the property of free- 
zing or becoming solid at u certain fixed temperature. 
Mercury congeals only at.72o below the freezing point. 

JSmily. That is to' say, that in order to freeze, it re-* 
quircB a temperature 72o colder than that at which wa« 
ter freezes. 

Mrs. B. ' Exactly so. 

O 
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Cof^iir^ But is tb^ tempf re^tur^ of the atmosphere 
ever so low a^ that ? 

3^4. 3, Scarcely ever, at least in any inhabited 
part of the globe; therefore mercury is never found 
^oUd in nature^ but it may be congealed by artificial 
Cold ; X mean such intense cold as can be pi^uced hj 
9Qme chemical mixtures. 

CdraBHfi, AsA can mercury be made to boil and e« 
vaporate I 

Mr9* B. Yes« UHe any other liquid; only it requires 
^ much greater degree of heat. At the temperature 
of 600», it begina to boil and evaporate like viraler. 

Mercury combines v^ith gold, silver, tin, and with 
several other metals ; and, if mixed with any of them 
in a sufficient proportion, it penetrates the solid meta^ 
softens it, loses it own fluidity, and forms an amalgam^ 
which is the name given to the coMObination of any me- 
tal with mercury, forming a substance more or less 
^lid, acccMding as the mercury or the other metal ^- 
dominates^ 

^ndly. In the Ust of metals there are some whoso 
name^ I hay^ never before heard mentioned^ 

Mr9, jp. There are several that have been recently 
discovered, whose properties are yet but little knfMnv 
as for ip^tance, titanium which was ^covered by the 
I^evd. Mr. Gregor, in the tin mines of Cornwall ; cq^ 
himbijam^ which has lately been dispovered by Mr. 
Hatchett ; and osmium, iridiuni, paUacUum^ and rhodi'v 
«|ra, all of which Dr. Woolasiop and Nb"* Tep^ant 
found mixed with crude platii)a. 

Caroline, ^rsenic; has been mentioned amon^ the 
metals ; I had no nodon that it belonged to that clas&of 
bodies, for I had never seen it but as a powderi and 
never thought of it but as a most deadly ppison« 

Mra.^. In its pure mctaUic state^ I belin^^ itk 
not so poisonous ; but it has so great an afiinity for Q:iiy'^ 
gejn, that it absorl^s it from the atmosphere at its natu- 
ral temperature ; you have seen it therefore, oply in its^ 
state of oxyd, when, from its combination with oxygen^ 
it has acquired it's very poisonous properties. 
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Caroline, Is it possible that oxygen can imipart poi- 
sonous qualities ? That Valuable substance wluch pro- 
duces light, and fire, and which all bodies in nature are 
80 eager to obtain I 

Mrs. B. Most of the raetalKc oxyds are poisonous, 
and derive this property from their union tvith oxygen. 
The white lead, so much used in paint, owes its per* 
nicious effects to oxygen. In general oxygen, in a con^ 
Crete state, appears to be particularly destructive in its 
effects on flesh or any animal matter ; and those oxyda 
ViTt most caustic that have an acrid burning taste, which 
proceeds from the metal having but a slight affinity for 
oxygen^ and therefore easily yielding it to the flesh 
which it corrodes and destroys. 

Emily, What is the meaning of the word tauiticy 
which you have just used ? 

M-«. B, It expresses that prbperty which some 
bddids possess, of disorganizing and destroying animal 
thatter, by operating a kind of combustion, of at lea^t 
9 cheibical dccompositlim. You must often have heard 
ef caustics used to bum warts, or other animal excrescen- 
ces ; most of these bodies owe their destructive power 
to the oxygen with which they are combined. The 
common cavistic, called liinar ctmatic^ is a cbm pound 
formed by the union of nitric acid and silver. ; and it is 
supposed to ow^ its Caustic qualities to the oxygen con-* 
tained in the nitric acid. 

Caroline, But, pray, arc not acids stjll more caus- 
tic than oxyds, as they contain a greater proportion of 
oxygen ? 

Mnt. B. Some of the acids are ; but the caustic 
property of a body depends not only uport the quantity 
of oxygen which it contains, but also upon its slight 
affinity for that principle, and the consequent fucility 
with which it yields it. 

Efnily, Is not this destructive property of oxy^fen 
accounted for ? 

Mrs, B, It proceeds probably from the strong at^ 
traction of oxygen for hydrogen ; for if the onfe ^dpid- 
\f absorbs the other from the animal fibres a disorgani* 
zation of the substance must ensue. 
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Emily, Caustics are then very properly said todwrTi 
the flesh, since the combination of oxygen and hydro-r 
gen is an actual combustion. > 

Caroline, Now, I think, this efFect would be moro 
properly termed an oxydation, as there is do disengage- 
ment of light and heat. 

Mrs, B. But there really is a sensation of heat pro^^ 
duced by the action of caustics i and the caloric that is 
di^senga^d must. I think, partly, if not wholly, pro-* 
ceed from the oxygen which the caustic yields to the 
flesh. 

Caroline, Yet the oxygen of a caustic is not in a 
gaseous state, and can therefore have no caloric to part 
with ? 

Mrs. B, In whatever state oxygen exists, we may 
suppose that, like every other body in nature, it re- 
tains some portion of caloric ; and if, in combining 
with the hydrogen of the flesh, it becomes more dense 
than it previously was in the caustic, it must part with 
caloric whilst this change is taking place,. I believe j. 
have once before observed that we may, in a great mea-. 
sure, judge of the comparative degree of solidity 
which oxygen assumes in a body, by the quantity of 
caloric liberated during its combination ; and when we 
find, that, in its passage from one body to another, heat 
is evolved, we may be certain that it exists in a more 
solid state in the latter. 

Mmily. But if oxygen is so caustic, -why does not 
that contained in the atmosphere bum us I 

Mrs, B. Because it is in a gaseous state, and has a 
greater attraction for its caloric than for the hydrogen of 
our bodies. Besides, should the air be slightly caus- 
tic, we are in a great measure sheltered fromits effects 
by the skin ; you all know how much a wound, howev- 
er trifling, smarts on being exposed to it. 

CUiroline. It is a curious idea, however, that we 
should live in a slow Are. But, if the air was caustio, 
would it not have an acrid ^aste? 

Mrs. B. . It possibly might have such a taste ; though 
in so slight a degree, that custom has rendered it insen- 
sible. 
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daroUne, And -vrhy h not water caustic ? When 1 
dip my hanji int<f water, though cold, it ought to burn 
me from the catistic nature of its oxygen. 

Mrs, B, Your hand does not decompose the wafei^ ; 
the oxygen in that state is i^uch better stipplited with 
hydrogen than it wouM' be by anilnal ftiatter, and if ife 
causticity depend on its affinity for that principle, it will 
be very far from quitting its state of water to act upon 
your hand. You must not forget that 6xyds are caustid 
in proportion as the oxygen adheres slightly to tliem-. 

EmUy. Since the oxyd of arsenic is poisonous, its 
acid, I suppose, is fully as much so ? 

Mra» B^ Yes j It is one of the strongest poisons in 
nature. 

Emily, There is a poison called ■wrc&g*'*** which 
forms on brass and* copper when not kept very clean ; 
and this, I have heard, is an objection to these metals 
being made into kitchen utensils. Is this poison like- 
'wise occasioned by oxygen I 

Mri. B^ It is produced by the intervention of oxy- 
gen ; for verdigris is a compound salt formed by the 
vnion of vinegar and CG^per ; it is of a beautiful green 
colour^ and much used in painting.. 

Emily ^ But,. I believe, verdigris is often' formed on 
copper when no vinegar has been in contact with it. 

Mrs.B, Not real verdigris, but compound salts^ 
somewhat resembling it, maybe produced bytheac* 
tion of any acid on copper. 

There is a beautiful greeti salt produccjd by the c'cJm- 
lunation of cobalt with muriatic acid, which ^ hasr the 
singular property of formin^f what is called syntltathetit 
ink^ Characters written with this solution are inNisilde 
when cold> but when a gentle heat is ap{]^ied,th€fy'as-> 
same a line blueish green colour^, 

CaroHnt, 1 think one might draw very etiriofus land^ 
scapes with the assistance of this ink v I woaki fir&t maku 
a water colour drawkig of a winter scene, in' which the 
trees shall be leafless and the grass scarcely green; I 
would then trace all the verdure with the invbible inkv 
aoid whenever I chose to create spriag^ 1 should bold 
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it before the fire, and its warmth would cover the land-^ 
scape with a rich verdure. 

Mrs, B. That will be a very amusing experiment, 
and I advise you by all means to try it.-^I must now, 
however, take my leave of you ; we have had a very 
long lecture, and I hope you wilLbe able to remember 
it. Do not forget to write down all you. can recollect 
of this conversation, for the subject is of great import-^ 
ance, though it may not appear. at first very, entertain- 
ing. 



ContietiBtation X. 

On AlkaUca^, 



Mrs, B, 

After having taken a general view of combustible 
bodies, we now come to the alkalies, and the earths^ 
which compose the class of incombustibles ; that is to 
say, of such bodies as <lo not combine with oxygen at 
any known temperature. 

CaroSne. I am afraid that the incombustible sub- 
stances will not be near so interesting as the others ; for 
I have found nothing in chemistry that has pleased me 
so much as the theory, of combustion. 

Mrs, B. Do moi however depreciate the incombus* 
tible bodies before you are acquainted with them ; you 
will find they also possess properties highly important 
and interesting. 

Some of the earths bear so strong a resemblance in 
their properties to the alkalies,, that it is a difficult point 
to know under what head to place them. The celebrat- 
ed French cheimst^ Fourcroy, has'elassed two of them 
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(Barytcs and Strontites) with the alkalies ; butj afflime 

• and magnesia have almost an e^ual title to that rank, I 

.think it better not to separate them, an4 therefore have- 

. adopted the common method of classing them with the- 

. earths,, and of distinguishing them by the name of o^a- 

Bnctartha. ^ 

We shall firjst take a review of .the alkalies, of which 
.there are. three species : potash, soda, and ammonia;. 
The two. first are called fixed alka&es^, because they ex- 
ist in a. solid format the temperature of theatmosphere) 
and require, a great heat to be volatilized. The third, 
ammonia, ha^ been distinguished by the- name of vola*- 
. tUealkcdiy because its natural form is that of gas. 

: Caroline, Ammonia ? I do not recollect that name 
in the list of simple bodies. 

. . Mrs. B, . The reason why you do not find it there is, 
that it is a compound ; and if I introduce it to your ac*- 
quaintance now,, it is on account of its close connec- 
tion with. the two other alkalies, which it resenibles es«> 
sentially in its nature and properties. Indeed it is not 
long since ammonia has resigned 'its. place among the 
simple bodies, as it was not, till lately, supposd to be a 
compound'; nor is it improbable that potash and soda 
may some day undergo the same fate, as they are strong* 
ly suspected of being compounds also. 

The general properties of alkalies are, an acrid 
burnihg taste, a pungent smell, and a caustic action on 
the Hkin. and flesh. 

Caroline. Hqw can they^ he caustic, Mrs.-B. since 
.they do not contain oxygen ? 

Mrs, 3^ Whatever substance has an affinity for any 
one of the constituents, of animal matter,, sufficiently 
powerful, to decompose it, is entitled to the appellation 
of caustic. The alkalies, in. their pure state, have a 
Ycry strong attraction for. water, for hydrogen, and for 
carbone, ^whicb, you know, are the constituent princi- 
ples of oil, and it is chiefly by absorbing these substan- 
. ces from animal matter, that they effect its decompo^i^ 
fibn :, for, when diluted with a sufficient quantity of 
water,, or combined with any oily substance^ they kise 
their paujsticily. 
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But, to return to the general properties of ftlkitlies<-^ 
they change the cdour of syrup of violets, and other 
blue vegetablewinfusions, to green ; and have, in gen^-^ 
ra), a very great tendency to unite vtrith acids^ although 
the respective c^aUties of these two classes of bodies 
form a remarkable contrast. 

We shall examine the result of the comlxovation of 
acids and alkalies more particularly when we have com- 
pleted our general view of the simple bodies. It will 
be sufficient at present to inform you, that whenever 
acids are bi*ought in contaet with alkalies, or alkaline 
earths, they unite ivith a remarkable eagerness, and 
form compounds perfectly different from: either of their 
constituents; these compounds ate called n^urro/ or 
compound acUt^^ 

CaroUnc, Are they of the same kind as- the salts 
ibt*nated by the combination of a metal and an- acid t 

Mrs.B, Yes ; they are analogous in their nature^ . 
although different in many of their properties. 

A methodical nomenclature, similar to that of the 
acids, has been adopted for the compound salts. Each 
individual salt derives its name from its constituents, so 
that*every name implies a knowledge of the composi- 
tk>n of the salt. 

The three alkalies, the alkaline earths, and the me- 
tals, are called salifiable bases or radicals^ and the acids, 
waUfying principles. The name of each salt & compos- 
ed both of that of the acid and the salifiable base ;. and 
It terminates in at or it^ according to the degree of oxy- 
genation of the acid. Thus, for instance, all those 
salts which are foi^med by the combination of the suU 
]>buric acid with any of the salifiable bases, are cdled 
stdpbatsy and the name of the radical is added fcHr the 
specific distinction of the salt ; if it be potash, it will 
compose a sulpfmt' of potash i if ammonia, stUftbat qf 
emmonioj Stc. 

Emily. The chrystals which we obtained fromtKtr 
combination of iron and sulphuric acid, were therefore^ 
9Ulphat of iron ? 

Mrs, B. Precisely ; and those which we prepared 
by dissolving copper in nitric acid, nitraf qf cofi/ur, and 
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«a o». But tlxis is not all ; if the salt be formed by that 
class of acids which ends in oua (which you know, in- 
dicates a less degree of oxygenation), the termination 
of the name of the salt will be in itj as uiUfihit of pat^ 
.fi»h^ sulfifdt of ammonia.^ &c, 

Emly, There must be an immense number of coin- 
pound salts, since there is so great a variety of salifia- 
ble radicals, as well as ©f salifying principles., 

Mrs, B, Their real number cannot be ascertained, 
aince it increases every day as the science advances. 
But, before w^ proceed farther in the investigation ^f 
the compound salts, it is necessary that we should ex- 
amine the nature of the ingredients from which they 
are compoJ^ed. Let us therefoi'e return to the alkalies. 
The dry white powder which you. see in this phial is 
pure caustic potash ; it is very difficult to preserve it ip 
this state, as it attracts with extreme avidity the mois- 
ture from the atmosphere, and if the air were not per- 
/ectly excluded, it would in a very short time be actually 
melted*. 

. JEmily. It is then, I suppose^ always found in a li- 
;qjrid state ? 

• Mra. B, No ; it exists in natm'e in a gi'eat variety 
*of forms and comlwnations, but is never found in its 
fiure separate state ; it is- combined with carbonic acid, 
with which it exists in every part of the vegetable king-^ 
•dom, and is most conamonly obtained from the ashes 
o£ vegetables, which compose the substance that r©^ 
iTiains after all the other parts have been volatilized by 
.combustion. 

Caroline, But you once said, that after the volatile- 
parts of .a vegetable were evaporated, the substance 
that remained was charcoal ? 

; jyfrs, B, What, my dear ? Do you still confound the-, 
processes of simple volatilization and combustion ? In 
.prder to procure charcoal we evaporate such parts as 
. can be reduced to vapour h^ heat alone ; but when we 
.bum the vegetable, we volatilize the carbone also, by 
vCon verting it into carbonic acid gas. 

Caroline. That is true ; I hope I shall make no more 
cjui^takes in my favourity theory of combustien. 
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Mrs, B. Potash derives ith tiame ^rotti die yiol« ki 
which the vegetables fix)m which it viras obtained used 
formerly to be burnt ; the alkali remained mixed with 
the ashes at the bottom^ and was thence called potash. 

CaroHne, There is some good sense in this name as 
it will always remind us of the operation, and of the 
general source from which this alkali is derived, 

Endly^ The ashes of a wood fire^ then^ are pQtash> 
^ce they are vegetable ashes ? 

Mm. B. They always contain more or less potash, 
but are very for from consisting of that substance alcme* 
as they are a mixture of various earths and salts whicH 
remain after the combustion of vegetables, and^rom 
which it is liot easy to separate the alkali in its pure 
form. The process by which potash is obtained, even 
in th^ imperfect state in which it is used in the aits, is 
tnuch more complicated than simple combustion. It 
was once deemed impossible to separate it entirely from 
nil ibreigp substances, and it is only in chemical labora- 
tories that it is to be met with in the state of purity ih 
tirhich you find it hi this phial. Wood ashes are> how- 
ever, valuable for the alkali which they contain, aftd 
are used for some purposed without any further prepar- 
ation. Purified in a tettain degree, they make what is 
commonly called /^mWa^, which is of great efficacy ia 
taking out greaM), in washing Hnen, Sec. for potasli 
eombines readily with oil or fat^ with which it formt 
ft compound well known to you under the name oiaoafi-^ 

CaroHne, Really ! Then I should think it would ht 
better to wash all linen with pearl ash than with soap, 
as, in the latter case, the alkali, being already com- 
bined with oil, must be less efficacious in extracting 
grease. 

Mrs, B. Its effect would be too powerful on fine 
linen, and would injure its texture ; pearl-ash is there* 
fore only used for that which is of a strong coarse kind< 
For the s»me reason you cannot wash your hands with 
plain potash ; but, when mixed with oil in the form of 
soap, it is soft as well as cleansing, and is therefore much 
better adapted to the purpose. 

Caustic potash, as we already observed, acts <m the 
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"dkin, and animal fibre, in virtue of Its attraction for 
water and oil, and converts all animal matter ipto a kind 
ef saponaceous jell>% 

ETjuly. Are vegetables the only source from which 
potash can be derived ? 

Mra. B. No : for though fer most abiuidant in ve^ 
getables, it is by no means confined to that class of bo^ 
dies, being found also on the surface of the earth mixed 
with various minerals, especially with earths and stones, 
whence it is supposed to be conveyed into vegetables 
, by the roots of the plant. It is also met with, though 
in very small quantities, in some animal substances. 
The most common state of potash is that <^ eardonat ; I 
suppose you understand what that is ? 

£7nily, I believe so ; though I do not recollect that 
you ever mentioned the word before. If I am not mis- 
taken, it must be a compound salt formed by the union 
of carbonic acid with potash. 

Mrs. B, Very true ; you see how admirably the 
nomenclature of modern chemistry is adapted to assist 
the memory ; when you hear the name of a compoundf . 
yp^ necessarily learn y^YidX are its constituents it and 
lyhen ypv), are acquainted with the constituents, you can 
immediately name thQ compound that they form, 

CaroUne. Pray, how were bodiea arranged and d^s^ 
tinguished before this nomenclature vras introduced ? 

Mr9. 3. Chemistry was then a much more difficult 
study; fo? every substance h^9 an arbitrary name*, 
which it derived either from the person wbo^scover- 
ed it, as Giaub^a 8(iks for instonce, or from some oth^ 
er circumstance relative to it, though quite uncoimect- 
eA with its real tiature^ as/K>^^. 

These names have been retained for some of the sim- 
pie bodies ; for as this class b not numerous, and there- 
fore can easily be remembered, it ha^ not been thought 
necessary to change them. 

£nuiy* Yet I think it wQuld have rendered the new 
nomenclature more complete to have methodised the 
t^ames of the elementary as well as of the compound 
bodies^ though it could not have been done in the same 
inanner. But the nanoes of the simple substancesmi^ht 
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have indicated their nature, or at least, some of thcit 
principal properties ; and if, like the acids and com- 
pound salts, all the simple bodies had a similar termin* 
alion> they would have been immediately known as such. 
So complete and regular a nomenclature would I think, 
have given a cleat er and more comprehensive view of 
chemistry, than the present^ which is a medley of the 
old and new terms. 

Mrs, J5, But you are not aware of the difficulty of 
introducing into science an entire set of new terms ; it 
obliges all the teachers and professors to go to school 
again ; and if some of the old names, that are least ex- 
ceptionable, were not left as an introduction to the new 
ones, few people would have had industry and perseve- 
rance enough to submit to the study of a completely new 
language ; and the inferior classes of artists, who can 
only act from habit and routine, would, at least, for a 
time, have felt material inconvenience from a total 
change of their habitual terms. From these consider- 
ations, Lavoisier and his colleagues, who invented the 
new nomenclature, thought it most prudent to leave a 
ibw links of the old chain, in order to ponnect it with 
the new one. Besides, you may easily conceive the 
inconvenience which might arise from giving a^regula^ 
nomenclature to substances, the simple nature of which 
is always uncertain; for the new names might, per- 
haps, have proved to have been founded in error. And^ 
indeed, cautious as the inventors of the modem chemi- 
cal language have been, it has already been found ne- 
cessary to modify it in many respects. In those few ca- 
'»cs, however, in which new names have been adopted 
to designate simple bodies, the names have been so 
contrived as to indicate one of the chief properties of' 
the body in question ; this is the case with oxygen, 
which, as I explained to you, signifies to produce acida ; 
and hydrogen, to produce water. 

But to return to the alkalies. We shall now try to 
melt some of this caustic potash in a little Water, as a 
circumstance occurs during its solution very worthy of 
observation. — Do you feel the heat that is produced ? 

Caroline, Yes, I do ; btit is not this directly con- 
trary to our theory of caloric, according to which heat. 
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is disengaged when fluids become solid, and cold pro- 
duced when solids are melted ? 

Mrs, B, The latter is really the case in all solu- 
tions ; and if the solution of causdc alkalies seems to 
make an exception to the rule, it does not, I believe, 
form any solid objection to the theory. The matter 
may be explained thus : When water first comes in 
contact with the potash, it produces an effect similar to 
the siakeing of lime, that is, the water is solidified in 
combining with the potash, and thus loses its latent 
heat ; this is the heat that you now feel, and which is, 
therefore, produced not by the melting of the solid, 
but by the solidification of the fluid. But when there 
is more water than the potash can absorb and solidify, 
the latter then yields to the solvent power of the water ; 
and if we do not perceive the cold produced by its melt- 
ing, it is because it is counterbalanced by the heatpre« 
viously disengaged.* \^See Js/bte fiage 164.] 

A very remarkable pi'operty of potash is the forma- 
tion of glass by its fusion with silicious earth. Yoti 
are not yet acquainted with this last substance further 
than its being in the list of simple bodies. It is sufii- 
cient, for the present, that you should know that sand 
and flint are chiefly composed of it ; alone it is infusi- 
ble ; but mixed with potash, it melts when exposed to 
the heat of a furnace, combines with the alkali, and 
runs into glass. 

Caroline, Who would ever have supposed that the 
same substance that converts transparent oil into such 
an opaque body as soap, should transform that opaque 
substance, sand, into transparent glass 1 

Mrs, B, The transparency, or opacity of bodies, 
does not, I conceive, depend so much upon their inti- 
mate nature, as upon the arrangement of their parti- 
cles ; we cannot have a more striking instance of this, 
than that which is afforded by the different states of 
carbone, which, though it commonly appears in the 
form of a black opaque body, sometimes assumes the 
most dazzling transparent form in nature, that of dia- 
mond, which, you recollect, is nothing but carbone, 
and which, in all probability, derives its beautiful trans- 
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j^arency frotn the peculiar arrangement of its particles 
during their crystallization. 

Emily, I never should have supposed that the for- 
mation of glass v^as so simple a process as you describe 

it. 

Mrs. B, It is by no means an easy operation to 
make perfect glass ; for if the sandf or flint, from v^hich 
the silicious earth is obtained be mixed with any metal- 
lic particles, or other substance which cannot be vitiv 
fied, the glass will be discoloured, or defaced by opaque 
specks. 

Caroline, That I suppose is the reason why objects 
so often appear irregular and shapeless through a com* 
mon glass window. 

Mrs. Bj. This species of imperfection proceeds, I* 
believe, from another cause. It is extremely difficult 
to prevent the lower pjirt of the vessels in which the' 
materials of glass are fused, from containing a more 
dense vitreous matter than the upper, on account of the 
heavier ingredients faUing to the bottom. When this 
happens, it occasions the appearance of veins or waves 
in the glass, from the difference of density in its seve- 
ral parts, which produces an irregular refraction of the 
rays of light that pass through it. 

Another species of imperfection sometimes arises 
from the fusion not being continued for a letigth of time 
sufficient to combine the two ingredients completely, 
or from the due proportion of potash and silex (which 
are as two to one), not being carefully observed ; the 
glass, in those cases, will be liable to alteration frona 
the action of the air, of salts, and especially of acids, 
which will effect its decomposition by combming with 
the potash and forming compound salts. 

Emily, What an extremely useful substance pot-* 
ash is 1 

Mrs, B. Besides the great importance of potash in 
the manufactures of glass and soap, it is of very con- 
siderable utility in many of the other artSj and in its 
combinations with several acids, particularly the nitric, 
with which it forms saltpetre. 
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. €aro&nc. Then saltpetre must be a tiitrat of potash f 
But we are not yet acqqainted with the nitric acid ? 

Mra, B, We shall, therefore, defer entering into 

the particulars of these combinations, till we come to a 

general review of the compound salts. In order to 

avoid confusion, it will be better at present to confine 

ourselves to the alkalies. 

Emily, Cannot you shew us the change of colour 
which you said the alkalies produced on blue vegetable 
infusions ? ^ 

Mr8, B. Yes J very easily. I shall dip a piece o^ 
white paper into this syrup of violets, which, you see> 
is of a deep blue, and dyes the paper of the same co- 
Jour. — As soon as it is dry, we shall dip it into a solu- 
tion of potash, which, though itself colourless, will 
turn the paper green— 

Caroline, So it has indeed ! And do the other alka? 
lies produce a similar effect ? 

Mrs, B. Exactly the same .^— We may now proceed 
to Soda, which, however mportant, will detain us but 
a very short time ; as in all its general properties it 
yery strongly resembles potash ; indeed, so great is 
their similitude, that they have faieen long confounded, 
and they can now scarcely be distinguished except by 
the difference of the salts which they form with acids. 

^he great source of this alkali is the sea, where^ 
pombined w|th a peculiar s^id^ it £brms the salt with 
which the waters of the ocean are so strongly impreg- 
nated. 

Emily, Is not that the common table salt ? 

Mrs, B, The very same ; but again we must post- 
pone entering ipto the particulars of this interesting 
combination, till we treat of the neutral salts. Soda 
may be obtained from common salt ; but the easiest 
and most usual method of procuring it, is by the com- 
bustion of marine plants, an operation perfectly analo- 
-gous to that by which potash is obtained from vegeta- 
bles. 

Emily, From what does soda derive its name ? 

Mrs, J?. From a plant called by us soda^ and by the 
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Arabs kali ; which affords it in great abundance. Kali 
has* indeed, given its name to the alkalies in general. 

Carotine. Does soda form glass and soap, in the 
same manner as potash ? 

Mrs. B. Yes ; it does ; it is of equal importance 
in the arts, and it is even prefered to potash for some 
purposes ; but you will not be able to distinguish their 
properties, till we examine the compound salts which 
they form with acids ; we must therefore leave soda 
for the present, and proceed to Ammonia, or the vol- 
atile ALKALI. 

Emily. I long to hear something of this alkali ; i% 
it not of the same nature as hartsliorn ? 

Mrs.. B, Yqs, it is, as you will see by and by. This 
alkakli is seldom found in nature. in its pure state ; it is 
most commonly extracted from a compound salt called 
sal am?nomaCy which was formerly imported from .^m* 
monia^ a region of Lybia, from which both the salt and 
the alkali, derive their names. The crystals contained 
in this bottle are specimens of this salt, which consists^ 
of a combination of ammonia and muriatic acid. 

Carotine. Then it should be called muriat of ammo* 
nia ; for though I am ignorant what muriatic acid is» 
yet I know that its cambinatiQa with ammonia cannot 
but be so called ; and I am surprised to see sal ammo* 
niac inscribed on the label. 

Mrs. B, That is the name by which it has been so 
long known, that the modern chemists have not yet suc-> 
ceeded in banishing it altogether ; and it is still sold 
under that name by druggists, though by scientific 
chemists it is more properly called muriat of ammonia. 

Emily. By what means can the ammonia be separ- 
ated from the muriatic acid ? 

Mrs B. By a display of chemical attractions ; but 
this operation is too complicated for you to understand, 
till you are better acquainted with the agency of affini- 
ties. 

Emily. And when extracted from the salt, what 
kind of substance is ammonia ? 

Mrs. B. Its natural form at the temperature of the 
atmosphere, when free from combination, is that of 
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gas ; and in this state it is caHed ammomacal gas. But 
it mixes very readily with watpr, and can be thus obr 
' tained in a liquid form. 

Caroline, You said that ammonia was a compound | 
pray, of what principles is it composed ? 

Mr». B, It was discovered a few years since, by 
r Berthollet, a celebrated French chemist, that it consist* 
^ ed of about one part of hydrogen to four parts of nitrot 
%eii. Having heated ammoniacal gas under a receiver) 
by causing the electrical spark to pass repeatedly thro' 
it, he found that it increased considerably in bulk, lost 
all its alkaline properties, and was actually converted 
into hydrogen and nitrogen gasses. 

Emily . Ammoniacal g^s must, I suppose, be very 
heavy, since it expands §p much when decomposed ? 

Mrs, B, Compared with hydrogen gas, it certainr 
-ly is ; but it is considerably lighter than oxygen gas^ 
aind only about half the weight of atmospherical air. 
It possesses most,of the properties of the fixed alka- 
lies : but cannot be of so much use in the arts, on ac- 
count of its volatile nature. It is, therefore, never 
-employed in the manufacture of glass, but it forms 
soap with oils equally as well as potash and soda \ it rer 
sembles them likewise in its strong attraction for water j 
>SoT which reasqn it can be collected in a receiver over 
mercury only. 

Caroline. I do not understand this ? 

Mrs. B. Do you recollect the method which we 
used to collect gasses in a glass receiver over water ? 

CaroUrie, Perfectly. 

Mrs, B. Ammoniac;^! gas has so strong a tendeur 
fiy to unite, with water, that, instead of passing through 
that fluid, it would be instantaneously absorbed by it. 
-We can therefore neither use water for- that purpose, 
nor any other liquid of which water is a component 
part ; so that, -in order to collect this gas, we are oblig- 
ed to have recourse to mercury (a liquid which has no 
action upon it)| and we use a mercurial bath, instead of 
a water bath, as we did on former occasions. Water 
.impregnated with this gas, is nothing more than the 
fluid which you mentioned at the beginning of the conr 
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versation — hartshorn ; it is the ammoniacal gas escap* 
ing from the water which gives it so powerful a smell. 

Emily. But there is no appearance of effervescence 
in hartshorn ? 

Mrs,. B. Because the particles of gas that rise from 
the water are too. subtle and minute for their effect to 
be visible. 

Water diminishes ija density by being impregnated 
with, ammoniacal gas ^ and this augmentation of bulk 
increases its capacity for caloric. 

Mwily,, In making hartshorn, then> or impregnat-t 
ing water with ammonia, heat must be absorbed, and 
cold produced ? 

Mr9J^^ That effect would take place if it was not 
counteracted by another circumstance ; the gas is lique- 
fied by incorporating with the water, and gives out its 
latent heat. The condensation of the gas more than 
counterbalances the expansion of the water; therefore*, 
upon the whole, heat is produced^ — But if you dissolve 
aminoniacal gas with ice or snow,, cold is produced.— ^ 
Can you account for that ? 

Mmly, The gas, \Xi being condensed, into a liquid^ 
must give out heat ; and, on the other hand, the snow 
or ice» in being rarefied into a liquid must absorb heat ; 
so that, between the opposite effects, I should have sup,-* 
posed the original temperature would, have been pre- 
served. 

Mrs. B, But you have forgotten to take into the ac- 
count the rarefaction of th§- water (or melted ice) by 
the impregnation of the gas ; and this is the cause of 
the cold which is ultimately produced. 

Caroline. Is the sal volatile (the smell of which so 
strongly resembles hart«horn) Uke wise a preparation of 
ammonia ? 

Mrs, B. It is carbonat of ammonia.dissolved iii wa- 
ter ; and which, in its concrete state, is commonly call* 
ed salts of harthom. Ammonia is caustic like the fix- 
ed alkalies, as you may judge by the pungent effects 
of hartshorn, which cannot be taken 'internally or ap?- 
ylied to delicate external parts, without being pientifuL- 
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ly diluted with water — Oil and acids are very excclfent 
antidotes for alkaline poisons ; can you guess why ? 

Caroline. Perhaps, because the oil combines with 
the alkali, and forms soap, and thus destroys its caustic 
properties ; and the acid converts it into a compound 
salt, which I suppose, is not so pernicious as caustic 
alkali. 

Mrs. J3, Precisely so. 

Ammoniacal gas, if it be mixed with atmospherical 
air, and a burning taper repeatedly plunged into it, will 
burn with a large flame of a peculiar yellow colour, 

£mUy. I thought that all the alkalies were incom- 
bustible I 

Caroline. Besides, you say that Bame is produced by 
the combustion of hydrogen only ? 

Mrs, B. And is not hydrogen gas one of the con- 
stituents of ammoniacal gas ? Therefore, though gen-< 
erally speaking, the alkalies are incombustible, yet one 
of the constituents of ammonia is eminently combus- 
tible, 

£mly. I own I had forgotten that ammonia was a 
compound. But pray tell me, can ammonia be pro- 
cured from this Lybian salt only ? 

Mrs. B. So far from it> that it is contained in, and 
may be extracted from, all animjal substances whatever. 
Hydrogen and nitrogen are t|wo of the , chief constitu- 
ents of animal matter ; it is therefore not surprising 
that they should occasionally meet and combine in those 
proportions that compose ammonia. But this alkali is 
more frequently generated by the spontaneous cleconj- 
position of animal substances ; the hydrogen and nitro- 
gen gasses that arise from putrified bodies combine^ 
and form the volatile alkali. 

Muriat of ammonia, instead of being exclusively 
brought from Lybia, as it originally was, is now chiei- 
ly prepared in Europe, by chemical processes. Am-, 
monia, altliough principally extracted from this salt, 
can only be produced by a great variety of other sub- 
stances. The horns of cattle, especially those of the 
dear, yield it in abundance, and it is from this circum* 
stance that a solution of ammonia in water has' been 
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galled hartshon. It may likewise be procured from 
wool) flesh and bones; in a ivord» any animal sub- 
Stance whatever yields it by decomposition. 

We shall now lay aside the alkalies, however impor- 
; tant the subject may be, till we treat of their combina- 
tion with acids. The next ^me we meet we shall exr 
amine the earths, vfhich will complete our review of 
the class of simple bodies, after which we shall pror 
ceedto their several combinations. 

« If, however, this defence of the general theory bo true, it ought to be 
found, on accurate examination, that a certain quantity nf heat ultimately 
disappears : or should this explanation be rejected, the phenomenon might 
be accounted for by suppo«ing that a solution of alkali in water has less ca{»af:: 
icy 6sr heat dian dther water or alkali in their separate state. 



^onfterieration X|. 

On Earths. 



■Mra.B. 

The earths, which we are to^ay to examine are ^ 
in number : 

SILEX, STRONTITES, 

ALUKtlNJB, YTTRIA, 

BARTTES, GLUCINA, 

LIME, ^ ZIRCONIA^ ^ 

MAONESSA, GARGO^IA. 

The five last are of very late discovery ; their pro- 
perties are but imperfectly kpov<?n ; and as they have 
not yet been applied to use, it will be unnecessary to 
enter into any particulars respecting them ; we shall 
confine our remarks, therefore, to the six first. The 
earths in general are, like .the alkalies, ^incombustible 
. I^ubstances. 

Caroline. Yet I have seen turf burnt in the country, 
and it makes an excellent fire ; the earth becomes red 
hot, and produces a very great quantity of heat. 

Mrs. B, It is not the earth that bums my dear, but 
: Ibe roots, grains, and other remnants of veget^ibles tl^ 
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are intermixed with it. The caloric, which is produ- 
ced by the combustion of these substances, makes the 
earth red hot, and this being a bad conductor of heat, 
retains its caloric a long time ; but were you to examine 
it when cooled, you would find that it had not absorbed 
one particle of oxygen, nor suffered any alteration iix>m 
the fire. Earth is, however, from the circumstance 
just mentioned, an excellent reflector of heat, and owes 
its utility when mixed with fuel, solely to that property. 
It is in this point of view that Count Rumferd has re- 
commended balls of incombustible substances to be ar- 
ranged in fire places, and mixed with the coals, by 
which means the caloric disengaged by the combustion 
of the latter, is more perfectly reflected into the room» 
and an expense of fuel is saved. 

Earth, you know, was supposed to be one of the 
four elements ; but now that a variety of earths have 
been discovered and clearly discrimated, no single one 
can be exclusively called an element ; and as none of 
them have been decomposed^ they have an equal title 
to the rank of simple bodies, which are the only ele- 
ments that we now acknowledge. It is from these 
eaiths, either in their simple state, or mixed together 
9nd combined with other minerals, that the solid part 
of our globe is formed. 

Etnily, When I think of the great variety of soils, I 
am astonished that there are not a great number of earthii 
to form them. 

Mr%, B, You might, indeed, almost confine that 
number to four ; for barytes, strontites, and the others 
of late discovery, act but so small a part in this y;reat 
theatre, that they cannot be reckoned as essential to the 
general formation of the globe. And you must not 
confine your idea of earths to the formation of soil ; for 
i*ock, marble, chalk, slate, sand, flinty and all kinds of 
stones, from the precious jewels to the commonest peb-» 
bles ; in a word all the immense variety of mineral pro-» 
ducts, may be referred to some of these earths, either 
in a simple state, or combined the one with the other^ 
pr blended with other ingredients. 

Caroline, Precious stones composed of earth ! That 
•eems very difficult to conceive. 
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Emly, Is it more extraordinary than that the most 
..precious of all jewels, diamond, should be composed 
t>f carbene ? But diamond forms an exception, Mi*s. 
B-— ; for, though a stone, it is not composed of earth. 

Mrs, B, I did not specify the exception, as I knew 
-you were so well acquainted with it. Besides, I would 
call diamond a mineral rather than a stone^ as the latr 
ter term always implies the presence of sonie eaith. 

Carolme. I cannot conceive how such coarse mate- 
lials canlse converted into such beautiful productions. 

Mrs. B. We are very far from undprstaiiding alji 
the secret resources of nature ; but I do not think the 
^ontaneous formation of the crystals, which we call 
precious stones^ one of the most difficult phenpmena jtQ 
comprehend. 

By the slow and regular work pf ages, perhaps ©f 
hundreds of ages, these earths may be gradually dis-: 
solved by water, and as gradually deposited by their 
solvent in the slow and undisturbed process of crystal? 
Itzadon. The regular arrangement of their particles, 
,.duHn^ th^ir reunion -ijn a solid mass, gives; them that 
iriliiahcy, transparency, and beauty, for which they 
are so much admired : and renders them in appearance 
so totally different from their rude and primitive ingre* 
dients. 

Caroline, But how does it happen that they arc spon- 
taneously dissolved, and afterwards crystallized? 

Mrs, B. The scarcity of many VjLuds of crystals, as 
rubies, emeralds, topazes, 5cc. shows that their forma-r 
tion is not an operation very easily carried on in nature. 
But cannot you imagine that when water, holding in 
solution some particles of e^rth, filters through the cre- 
yices of hills or mountains, and at length dribbles into 
some cavern, each succesi^ve drop naay be slowly eva- 
porated, leaving behind it the parti^cje pf earth whicli 
it held in solution ? You know that crystallization is 
more regular and perfect, in proportion as the evapor- 
ation of the solvent is slow and uniform ; Nature, there- 
fore, who knows no limit of time, has, in all works of 
this kind, an infinite advantage over any artist who at- 
tempts to imitate such productions. 
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jEmily, 1 cati how conceive that the arrangement rf" 
tiie particles of earth, during crystallization, may be 
$uch as to occasion transparency, by admitting a frefr 
passage to the rays of light ; but I cannot understand 
why crystallized earths should assume such beautiful 
colours as most of them do. Sapphire, for instance^ 
is of a celestial blue s ruby, a deep red ; topaz, a bril- 
liant yellow ? 

Mrs. B, Nothing is more simple than to suppose 
that the arrangement <$f their particles is such, as te* 
transmit some of the ce^loured rajrs of light, and to re*^ 
fleet others, hi Which case the stone must appear of 
the colour of the rays which it reflects. But, besides, 
it frequently happens, that the colour of a stone is ow- 
ing to a mixture of some metallic matter. 

Caroline. Pray, are the different kinds of precious 
stones each composed of one individual earth, or are 
they formed of a combination of several earths ? 

Mrs. B. A great variety of materials enters into 
the composition of mbst of them ; not only several 
earth, but sometimes salts and metals. The earths, 
however, in their simple state, frequently form very 
beautiful crystals ; and, indeed, it is in that state only 
that they can be obtained perfectly pure. 

Mmily. Is not the Derbyshirfc spar produced by the? 
crystallization of earths, in the way you have just ex- 
plained ? I have been in some of the subterraneous cav- 
erns where it is found, which are such as yoti have des-* 
Cribed. 

Mrsv B, Yes ; but this spar is a very imperfect 
^Specimen of ei-ystallization ; it consists of a great vari-' 
ety of ingredients confusedly blended together, as you 
may judge by its opacity, and by the various colour* 
and appearances which it exhibits. 

But, in examining the earths in their most perfect 
and agreeable form, we must not lose sight of that 
state in which they are most commonly found, ai^d 
which, if less pleasing to the eye, is far more interest- 
ing by lis utility. Before we proceed further, however, 
I should observe, that although the earths are consid- 
ered as simple substances (as chemists have not suc- 
ceeded in decomposing them) yet there is considerable 
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reason to suppose that they, as well as the alkalies, are 
compound bodies. From the circumstance of their 
being incombustible, it has been conjectured with some 
plausibility, that they may possibly be bodies that have 
already been burnt, and which, being saturated with 
oxygen, will not combine with any additional quantity 
of that principle. 

Caroline. But if they have been burnt, they must 
contain oxygen, which would easily be discovered ? 

Mr a. B. Not if their attraction for it be so strong 
that they will yield it to no other substance ; for, dur- 
ing its state of combination, the properties of oxygen 
may be so altered, as to be concealed entirely from 
our observation ; and it is possible that this may be tlie 
case with the earths. Let us suppose them, for in* 
stance, to have been originally some peculiar metals, 
whose affinity for oxygen was so great, that they at- 
tracted it from every substance, and consequently^ 
would yield it to none ; such metals must ever exist in 
the state of oxyds ; and, as we should not have known 
them under their metalic form, we could not consider 
them as metals, but should distinguish them by some 
specific name, as we have done with regard to the 
earths. 

Caroline, That, indeed, seems very ptobable ; for 
metals, when oxy dated, become to all appearance a 
kind of earthy substance. 

Emily, But have the earths any of the properties 
of the metallic oxyds ? 

Mrs. B, Their strongest feature of resemblance is^ 
their property of combining with the acids to form com* 
pound salts. 

You must not, however, consider the idea of earths 
being burnt bodies, as any thing more than mere con- 
jecture ; for whatever may be their constituents, until 
we succeed in decomposing them, we cannot consider 
them in any other light than as simple bodies. 

Emily. Pray which of the earths are endued with 
alkaline properties ? 

Mrs. B. All of them, more or less ; but there are 
four, barytes, magnesia, lime, and strontites, which 
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9LtG called alkaline earths^ because they possess thoso 
qualities in so gi*eat a degree, as to entitle them, in 
most respects, to the rank of alkalies. They combine 
and form compound salts with acids in the same way 
as alkalies ; they are, like them, susceptible of a cou* 
siderable degree of causticity and are similarly acted 
upon by chemical tests.— The other earths, silex and 
alumine, with one or two others of late discovery, arc 
In some degree more earthy, that is to say, they pos- 
sess more completely the properties common to all the 
earths, which are, insipidity, dryness, unalterableness 
in the fire, infusibrlity, &c. 

Caroline* Yet, did you not tell us that dlex, or sili- 
cious earths, when mixed with an alkali, was fusible, 
and ran into glass ? 

Mrs, B, Yes, my dear ; but the characteristic pro- 
perties of earths, which I have mentioned, are to be 
considered as belonging to them in a stale of purity on- 
ly ; a state in which they are very seldom to be met 
with in nature. — Besides these general jn'operties, each 
earth has its own specific characters, by which it is dis^ 
tioguished from any other substance. Let us there^ 
fore review them separately, 

Six.£x, or SILICA, abounds in fUnt, sand, sandstone, 
agate, jasper, 8cc. it forms the ba^ of many precious 
stones, and particularly of those that strike fire with 
steel. It is rough to the touch, scratches and wears 
away metal ; it is acted upon by no acid but the fluoric, 
and is not soluble in water by any known process ; but 
nature certainly dissolves it by means with which we 
tire unacquainted, and thus produces a variety of sili- 
cious crystals, and amongst these rock crystal^ which 
is the purest specimen of this earth. Silex appears to 
have been intended by Providence to form the solid ba- 
sis of the globe, to serve as a foundation for the orig^- 
al mountains, and give them that hardness and dura- 
bility which has enabled them to resist the various rev- 
olutions which the surface of the earth has successively 
undergone. From these mountains silicious rocks 
have, during the course of ages, been gradually detach- 
ed by torrents of water, and brought down in frag- 
ments ; these, in the violence and rapidity of their des- 

Q 
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cent, are sometimes crumbled to sand, and in this stat^ 
form the beds of rivers and of the sea, chiefly composed 
of silicious materials. Sometimes the fragments arc 
broken without being pulverized by ^their fall, and as* 
sume the form of pebbles, v^hich gradually become 
rounded and polished; 

. Emily, Pray what is the tnie coloiir of silex, which 
• foims such a variety of different coloured substances ? 
Sand is brown, flint is nearly black, and precious stones 
are of all colours ? 

Mrs, B. Pure siJex, such as is found only in the 
chemist's laboratory, is perfectly white, and the vari- 
ous colours which it assumes, in the diflerent substan- 
ces ^ou have just thentidtied, procfeed from the differ- 
ent ingredients with which it is mixed in them.^ 

Caroline, I wonder that silex is not more valuable^ 
idnce it forms tlie basis of so many precious stones. 

Mrs. B. You must not forget that the value we set 
upon precious stones, depends in a great measure upon 
the scarcity with which nature affords them ; for, werfe 
thdse productions either cominon, (yv perfectly imitable 
by art, they would no longer, notwithstanding their 
beauty, be so highly esteemed. But the r^al value of 
silicious earth, in many of the most useful alrts, is very 
extensive. Mixed with clay, it forms the ba^is of an 
the various kinds of earthen ware, from the most com- 
mon utensils to the most refined ornaments. 

Emily. And we must not forget its importance in 
, the formation of glass with potash. 

Mrs. B. Nor should we omit to mention, likewise, 
many other important uses 6f silex, such as beifig the 
chief iiigredient 6f some of the most durable cements, 
of mortars, Sec. 

I said before, that silicioiis eat-th combined with no 
acid but the fluoric : it is for this reason that glass is 
liable to be attacked by that acid only, which, from its 
strong affinity for silex, forces that substance from its 
Combination with the potash, and thus destroys the 
glass. 

We will now hasten to proceed to the other earths, 
for I am rather apprehensive of your growing weary 
of this part of our subject; 
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^roUne, The history of earths is not quite so >cnter? 
taining as that of the pther simple substances. 

Mrs, B. Perhaps not ; but it is absolutely indispens;? 
able that you should know something of them ; for they 
form tlie basis of so many interesting and important 
compounds, that their total omission would throw great 
gbscurity on opr general putline of chemical science. 
We shallj however, review them in as cursory a man- 
npr as the subject will adniit pf. 

Alumine derives its name from a compound salt callr 
jpd alunti of which it forms the basis. 

Caroline. But it ought to be just the contrary, Mrs. 
p. The simple body should give, instead of taking Its 
name from the compound. 

Mrs, B. Vei'y true, my dear ; but as the com- 
pound salt was known long before its basis was discov- 
ered, it was natural enough when that earth vras at 
length separated from the acid, that it should derive its 
iiame fron) the compound from which it was obtained. 
However, tq rempve ypur scruples, we .will call the salt 
according to the new nomenclature, m4phat of Alwnine, 
From this combination, alumioe may be obtained in its 
pure state ; it is then soft to the touch, makes a paste 
•with water, and h^^rdens in the fire. In nature, it is 
found chiefly in clay, which contains a considerable 
proportion of this earth ; it is very abundant in fuller's' 
earth, slate, and a variety of other mineral productions. 
-—There is indeed scarcely any mineral substance more 
"useful to mankind than alumine. In the state of clay, 
it forms large strata of the earth, gives consistency tq 
ihe soil of vallies, and of all low and damp spots, such 
as swamps and marshes. The beds of lakes, ponds^ 
and springs, are almost entirely of clay ; instead of 
allowing of the filtration of water, as sand does, it forms 
an impenetrable bottom, and by this means water ig 
accumulated in the caverns of the earth, producing; 
^hose reservoirs whence springs issue, and spout out at 
the surface. 

EmUy. I always thought that these subterraneous 
reservoirs of water were bedded by some hard stone, 
,pr rock, which the water could not penetrate. 

^fra. B, Jhat is not the case \ fpr in the course of 
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time wfttcr would penetrate, or wear away silex, or any 
other kind of stone, while it is effectually stopped by 
clay, or alumine. 

The solid compact soils, such as are fit for com^ owor 
theii' consistence in a great measure to alumine ; this 
earth is therefore used to improve sandy or chalky soils,, 
which do not retain a suflRcient quantity of water for the 
purpose of vegetation. 

Alumine is the most essential higredi'ent in all potle-i 
Ties. It enters into the composition of brick, as well 
as that of the finest china ; the addition of silex and. 
water hardens it, renders it susceptible of a degree of 
vitrification, and makes it perfectly fit &r ijs varioua 
puiposcs. 

CaroHne. I can scarcely Qonceive that brick and 
china should be made of the same materials. 

Mrs. B. Brick consists almost entirely of bakedf 
clay ; but a certain proportion of silex is essential ta 
the formation of earthen or stone, ware. la common^ 
]x>tteries sand is used (or that purpose ; a more pure 
silex b, I believe necessary for. the cpmposijtion of por-K 
celain,. as well as a finer kind oC clay ; and thes^ mate*, 
rials are, no doubt, more carefully prepared, and curi- 
ously wrought, in the oi^ case than in the other. Por-*. 
celain owes its beautiful semi-tmnsparency to a com-^' 
mcncementof vitrification. 

JEmh/,^ But tUc coitimonest earthen ware, though; 
not transparent, is covered with a kind of glasdng. 

Mr8,S. That precaution is equally necessary for 
use as for beauty, as the wate would be liable to be spoils 
ed and corroded by a variety of substances, if not cov-. 
ered with a coating of this kind. In porc;elain it con-<. 
sists of enamel, which is a fine white opaque glass, 
formed of metallic oxyds, sand, salts, and such other 
materials as are susceptible of vitrification. The glaz^ 
ing of common earthen ware is made chieQy of oxyd 
of lead, or sometimes merely of salt, which, when 
thinly spread over eapthen vessels, will, at a certain 
heat, run into opaque glass. 

CaroHne. And of what nature are the colours which 
are used for painting china ? 






3^8. B. They are all composed of metallic oxyd^, 
MO that these colours, instead of receiving injury from 
Ahe application of fire, are strengthened and developed 
rby its action, which causes them to undergo difierent 
jdegrees of oxydation. 

Alumine and silex are not only often combined by 
art, but they have in nature a very strong. tendency to 
unite, and are found combined, in different proportions, 
in various gems and other minerals. Indeed, many of 
the precious stones, such as ruby^ oriental sapphire, 
amethyst) &c. consist cMefly of Alumine. 

We may now proceed to the alkalijie earths. I shall 
iSay but a few words on Barytes, as it is hardly ever 
used, except in chemical laboratories. It is remarkar 
4>le for its great weight, and its strong alkaline properr 
jties, such as destroying animal substances, turning 
green some blue vegetable colours, and shewing a*poWr 
^rful attraction for acids ; this last property it possesses 
to such a degree^ particularly with regard to the sul- 
phuric acid, that it will always detect its presence in any 
substance or combination whatever, by immediately 
uniting with it and forming a sulphat of barytes. Thi3 
rendei's it a very valuable chemical test. It is found 
pretty abundantly in nature in the slate of carbonat, 
fromi vvhich the pure earth can be easily separated. 

The next earth we have to consider is Lime. — This 
is a substance of too great and general importance to 
be passed over so slightly as the last. 

Lime is strongly alkaline. In nature it is not met 
with in its simple state, as it.s affinity for water and car- 
bonic acid is so great, that it is always found combined 
with these substances, with which it forms the common 
lime-stone ; but it is separated in the kiln from these 
ingredients, which are volatilized whenever a sufficient 
degree of heat is applied. 

Emily, ^fure lime then is nothing but lime-stone, 
which has been deprived in the kiln, of its water, and 
carbonic acid ? 

Mrs, B, Precisely ; in this state it is called qidck'. 
Hme^ and is so caustic, that it is capable of decompos- 
ing the dead bodies of animals very rapidly, without; 
their undergoing the process of putrefaction.— I hav« 
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htre some qukk-lime, i/vbich is kept carefully corked 
up in a bottle to prevent the access of air ; for were it. 
at all exposed to the atmosphere, i^ ^Quld absorb both 
moisture and carbonit; acid gas fi*om it, and be soon, 
slaked. Here is also some lime-stone--'We shall pour 
a little water on each, and observe the effects that re-, 
suit from it. 

Caroline. How quick the lime hisses I. It is become 
excessively hot I— ^It swells, and now it bursts and crum^^ 
ties to powder, while the water on the lime-stone ap-. 
pears to produce np kind of alteration. 

Mr9. B» Because the lijne-stone is already saturate- 
ed with water, whilst the quick-lime, which has been. 
deprived of it in the kiln, combines with it with very 
great avidity, and pix>duces this prodigiqus disengage*, 
mentof heat, the cause of. whichl, formerly explained 
to you ;. do. you recollect it ? 

Emily* Yes ; you said that the heat did not proceed; 
immk the lime, but fjrom the water which was solidtfiedy 
and.Aus parted with its heat of Equidity. 

Mts. B. Very well. If we continue to add succes-. 
sive quantitles^ef wat^r to the lime after b^ing slaked 
and crumbled as you see, it will then gradually he dif<^. 
fused in the water, till it will at length be dissolved in it, 
and entirely disappear ; b\it for this purpose it requii^es. 
no less than 700 times its weight of v^ater. This so-. 
lution 13 called lime-water, 

Caroline, How very small^. then, is the proportioOt 
of lime dissolved. 

Afr*. B. Barytes is still of more difficult solution ;, 
it dissolves only ia900 tl^es its weight of water : but- 
it is much more soluble in the state of crystals. The 
liquid contained in this bottle is lime-water ; it is often, 
used as a medicine, chiefly, I believe, foi' the purpose- 
of combining with, and neutralizing the super-abun*. 
dant acid which it meets with in the stomach. 

Emily, I am surprised that it is so perfectly clear :. 
is does not at all paitake of tl^<^ w,l)iteness of lime. 

Mrs. B, Have you forgotten that^. in solutions, the 
solid body is so minutely subdivided by the fluid, as to 
become invisible, and therefore will not in th^ least dc-- 
gr^e impair the transparency of the solvent. 
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I said that the attraction of lime for carbonic acidi 
ivas so strong, that it would absorb it %>ni the attnos-u 
phere. We may see diis effect by exposing a glass of; 
lime-water to the air ; the lime will then separefte from, 
the water, combine with the carboiUQ ackl, and re-ap-. 
pear on^the surface in. the fornXtOf- a whire Qlm, which, 
is carbonatof limej commonly cdlled chalk. 

Caro&ne,, ChalH is, then, a compound salt ? I neveis- 
should hayQ supposed that those imi^^ense. beds of chalk, 
that WQ see in many pai^s of tbQ country, were a sak,. 
Now, the white film begins to appear on the surface of 
tiie ^at^r ;. but it is far from i^semhling^ hard solid. 
<(halk. 

iWr*. -B. That is owing to its state of extreme di-. 
vision ; in a little time it will collect into a mord com*, 
gact mass^ and subside at the bottoiA of the glass. 

If you breathe into lime-water, the carbonic acid,, 
which is mixed with, the air that you expiry, will prd-c 
duce the same effect. It is an experiment easily made 
-C--I shall pour some time- water into this glass Xnhe, and, 
i^y breathing repeatedly into it? ypu will soon perceive 
% precipitation of cbalk--!n. 

Etmly^ I see already a small white cloud formed. 

Mn. B. It is composed of minute particles of^ 
chalk ; at present it Qoats in the, water, but it wi)l soon, 
subside, 

Carbonatof limej or chalK you see, is insoluble in. 
water, since the lime which was /dissolved re-appears, 
wheti. converted, into chalk ; but you must take notice- 
Qf a very singular circumstance which i?, that chalk is 
soluble in water impregnated with carbonic acid. 

Caroline, \% is very curil)us, indeed, that carbonic 
8^cid gas should repder lime soluble in one instance,., 
and insoluble in the other I- 

Mrs. B.^ Ihave here a little bottle of Seltzer water,, 
which, you know, is strongly impregnated with car-, 
bonic acid— ^letus pour a little of it into a glass of lime 
water, 'You see that it immf^diately fotos a precipit-. 
i^tipn of carbonat of lime i. 

Emily. Yes, a white cloud appears.. 

Mrs. B, I shall now pour an additional quandty of. 
the Seltzer water into the lime waterr— 
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Mmily. How singular ! The cloud is re-dissohed^ 
jmd the liquid is again transparent. 

Mrs. B. All the mystery depends upon this circum< 
stance 'that carbonat of Ume is soluble in carbonic acid, 
whilst it is insoluble in water ; the first quantity of car- 
iwnic acid, therefore, which I introdiiced into the 
lime water, was employed in forming the carbonat oi 
jime, which remained visible) until an additional quan- 
tity of carbonic acid dissolved it. Thus, you see, when 
the lime and carbonic acid are in proper proportions, 
to form chalk, the white cloud appears, but when the 
ftcid predominates, the cbsAk is no^sooner formed than 
it is dissolved. 

- Caroline, That is. now the case ; hut let us try wh^- 
Jther a further addition of lime water will again precip^t 
itate the chalk* 

Emily, It docs, indeed ! the cloud re-:appears, be-. 
cause, I suppose, there is now no more of the carbour 
ic acid than is necessary to form chalk ; and, in order 
to dissolve the chalky a superabundance of acid is re- 
Quired. 

ifcfr*. B. We have, I think, -carpied this experK 
nient far enough ; every repetition wojald but exhibit 
^he same appearance^. 

Lime combines with most of the acids, to which the 
carbonic (being the weakest) readily yields it ; but 
these combinations w^ shall have an opportunity of no- 
ticing more particularly hereafter. It unites with 
phosphorus, and with sulpjiur, in thi^ir simple state f 
;n short, of all the^rths, lime is that whicK nature 
employs most frequently and most abundantly, in its 
innumerable combinations. \\. is the basis of all calca- 
reous earths and ston^^s ; we find Jt likewise in the aiii- 
mal and the vegetable creationji. 

£mily. And in tl^^ arts is.pgt lime pf very gi'^at; 
utility ? 

Mrs, B, Scarcely any substance more so; you 
l^now that it is a most essential requisite in building, 
as it constitutes the basis of all cements, such as mpr- 
tars, stucco, plaster, &c. 

Wme is also of infinite importance in agriculture ; it 
^^ghtens and warms soils that are too cold, ai\d copvi 
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pact, in consequence of too gi^eat a proportion of clay. 
But it would be endless to enumerate tiie various pur* 
poses for which it is employed ; and you know enough 
of it to form some idea of its importance : we shall^ 
therefore, now proceed to the third alkaline earthy 
Magnesia. 

Caroline, I am already pretty well acquainted with 
that earth, it is a medicine. 

Mrs. B, It is in the state of carbonat that magnesia 
is usually employed medicinally ; it then differs but 
Uttle in appearance fromr its simple form, which is that 
of a very fine lighi white powder. It dissolves in 2000 
times its weight of water, but forms with acids ex- 
tremely soluble salts. It has not so great an attrac- 
tion for acids as lime, and consequently yields them to 
the latter.. It i^ found in a great variety of mineral 
combinations, such as slate, mica, amianthus, and more 
particularly in a certain lime-stone, wkich has lately- 
been dis<^overed by Mr. Tennant to contain it in very^ 
great quantities. It does not attract and solidify water,, 
like lime ; but when mixed with water, and exposed 
to the atmosphere, it slowly absorbs carbonic aciafrom 
the latter, and thus loses its causticity. Its chief use 
in medicine is, like that of lime, derived from its rea- 
diness to combine with, and neutralize, the acid which 
it meets with in the stomach. 

J&mily^ Yet, you said it was taken in the stat« o£' 
carbonat, in which case it is already combined with aa 
ftcid ? 

Mra, B. Yes ; but the carbonic i)s the last of all the 
acids in tlie order of affinities^ it will therefore yield 
the magnesia to any of the others. It is, however, 
frequently taken in its caustic state as a reiyiedy fo? 
flatulence. Combined with sulphuric acid, i^agnesia 
forms another and more power&l medicine, commoii<« 
1^ called Eti8om salt. 

Caroline, And properly, stUfibat ofrmgnem^ I sup- 
pose ; Pray why was it ever called Epsom salt ? 

Mrs, B, Because there is a spring in the neigh*^ 
borhood of Epsomr which contains this salt v\ greal 
abundauce^ 
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The last alkaline earth which we have to mention u 
Strontia-N) or Stroktites, discovered by Dr. Hope, 
% few years ago. It so strongly resembles barytes in 
its properties, and is so sparingly found in nature, and 
of so little use in the arts, that it wJU not be necessary 
to enter into any particulars respecting it. One of the 
most remarkable characteristic properties of strontites, 
is, that its salts, when dissolved in spirit of wine, tinge 
the fiame of a deep red, or blood colour. 

We shall here conclude this lecture ; and at our next 
meeting, you will be intitxluced to a subject, totally 
^fff rent from any of the preceding. 
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Mrs. B. 

HAVING completed our examination of the simple 
or elementary bodies, we are noiv to proceed to those 
of a compound nature ; but before we enter on this ex- 
tensive subject^ it will be necessary to make you ac- 
quainted with the principal laws by which chemical 
combinations are governed. 

You recollect, I hope, what we have formerly said 
of the nature of the attraction of composition, or che- 
mical attractbn, or affinity, as it is also called ? 

ErnUy, Yes, I think perfectly ; it is the attraction 
that subsists between bodies of a different nature, which 
occasions them to combine and form a compound, when 
they come in contact. 

Mrs, B* Very well ; your definition comprehends 
the first law of chemical attraction, which is, that it 
takes place ottiy between bodies of a different -nature ; aS) 
for instance, between an acid and an alkali ; between 
oxygen and a metal, &c. 

R 
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Caroline, That we understand of course ; for th« 
attraction between particles of a similar nature is that 
of aggregation, or cohe^n, wliich is independant of 
any chemical power. 

Mrs, B. The second law of chemical attraction is, 
that it takes place only between the most minute particles qf 
bodies ; therefore, the more y6u divide the particles of 
the bodies to be combined, the more readily they act 
upon each other. 

Caroline. That is again a circumstance which we 
might have supposed ; for the finer the paiticlesof the 
two substances arc, the more easily and perfectly they 
will come in contact with each other, which must great- 
ly facilitate their union. It was for this purpose, you 
said, that you used iron filings in preference to wires 
or pieces of iron, for the decomposition of water. 

Mrs. B. It was once supposed that no mechanical 
power could divide bodies into particles sufficiently min- 
ute for them to act upon each other ; and that, in or- 
der to produce the extreme division requisite for a che- 
mical action, one, if not both of the bodies, should be 
in a fluid state. There are, however, a few instances, 
in which two solid bodies very finely pulverized, exert 
a chemical action on one another ; but such exceptions 
to the general rule are very rare indeed. 

Emily. In all the combinations that we have hither* 
to seen, one of the constituents has, I believe, been 
cither liquid or aeriform. In combustions, for instance, 
the oxygen is taken from the atmosphere, in which it 
existed in the state of gas ; and whenever we have 
seen acids combine with metals or with alkalies, they 
were either in a liquid or an aeriform state. 

Mrs. B. The third law-^of chemical attractbn is, 
that it can take place between twOf three. Jour or even a 
greater number of dorfiW.— Can you recollect any exam- 
ples of these double, triple, and quadruple combina- 
tions ? 

Caroline, Oxyds and acids are bodies xomposed of 
two constituents ; compound salts of three : but I re- 
collect no instance of the combination of four principles, 
unless it be amongst the earths in the formation of 

stones. 
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Mrs, B. Such examples very frequently occur a- 
mongst the earths ; but you might hare quoted, as in* 
stances of quadruple compounds, all those that result 
from the combination of acids with ammonia, or vola- 
tile alkali. 

Caroline. True. As ammonia is itself a compound, 
its union with the acids, which are also composed of 
two principles, must form a quadruple combination. 

Mrs, B. You will soon become acquainted with a 

freat variety of these complicated compounds. The 
>urth law of chemical attraction is, that a change oftem^ 
fitrature always takes place at the moment of combination. 
This is occasioned by the change of capacity for heat, 
which takes place in bodies, when passing from a sim- 
ple to a combined state. Do you pecoUect any instance 
• of this, Emily ? 

^ Emily, Yes ; when lime, or any of the alkalies, or 
* alkaline earths, combine with, and solicbfy water, the 
whole of its heat of liquidity is set sX liberty. 

Mrs. jB, I had rather that you had chosen any othn 
er instance, as the union of water with the alkalies and 
alkaline earihs is not, strictly speaking, a chemical 
combination ; for the water remains in the state of wa-^ 
tier tho* condensed and solidified in the alkali ; and can 
be separated from it and restored to its fluid state, mere* 
ly by the restitution of its heat of liquidity. 

I am going to show you a very striking instance of 
the change of temperature arising from the conibina-* 
tion of different bodies.-^! shall pour spme nitrous acid 
on this small quantity of oil of turpentine-^the oil will 
instantly combine with the oxygen of the acid, and pro- 
duce a considerable change of temperature. 

Caroline, What a blaze ! The temperature of the 
oil and the acid must be elevatedi indeed, to produce 
such a violent combustion. 

Mrs, B. There is, however, a peculiarity in this 
combustioo, which is, that the oxygen, instead of be« 
ing derived from the atmosphere alone, is piincipally 
supplied by the acid itself. 

EwHy^ And are nQt all combustions instances of the 
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change of temperature produced by the chemical 
combination of two bodies ? 

Mrs, B. Undoubtedly ; when oxygen loses its gas* 
cous form in order to combine with a solid body, it be* 
comes condensed, and the caloric evolved produces the 
elevation of temperature. The specific gravity of bo-» 
dies is at the same time altered by chemical combina-- 
tion ; for in consequence of a change of capacity for 
heat, a change of density must be produced. 

Caroline. That was the case with the sulphuric acid 
and water, which by being mixed together, gave out 
a great deal of heat, and proportionally increased in 
density. 

Mrs^ jB, I do not think the instance to which you 
refer is quite in point ; for there does not appear to be 
what we have culled a true chemical combination be« 
tween sulphuric acid and^ water, since they are only 
mixed together, and undergo no other change than ^ 
loss of caloric, so that they may be separated again 
from each other merely by evaporating the water. Yet 
you have truly observed in this instance that the parti-* 
cles of the two fluids so far penetrate each other, as tq 
form a more compact substance, in consequence of 
which a quantity of latent heat is forced out, and there 
is an increase of sphecific gravity, ^ 

The 5th law of chemical attraction is, that thefiron 
fiertiea wfdch chc^racterise bodies when separate^ are alterect 
•r destroyed by their combination, 

Caroline, Certainly ; what, for instance, can be sa 
different from water as the hydrogen and oxygen gas^ 
ses ? 

Endly, Or what more unlike sulphat of iron, than 
iron or sulphuric acid ? 

Caroline, But of all metamorphqses, that of sanci 
and potash into glass, is tlie most striking ! 

Mr8,B, Every chemical combination is an illustra« 
tion of this rule. But let us proceed-*^ 

The 6th law is, that the force of chermcal affinity^ ben 
iween the constituents of a body^ is estimated by thgt which 
is required for their sefiaration. This force is by no means 
proportional to the facility with which bodies unite ; fo» 
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manganese^ for instance, >7hkh» you know, has so 
great an attraction for oxygen, that it is never found in 
a metallic state, yields it more easily than any other 
metal. 

Caroline. And likewise lime, which has a great at- 
traction for carbonic acid, yields it to any of the other 
acids, and even to heat alone. 

Endly, But, Mrs. B. you speak of estimating the 
force of attraction between bodies, by the force requir- 
ed to separate them ; how can you measure these for- 
ces ? 

Mrs. B, They cannot be precisely measured^ but 
they are comparatively ascertained by experiment, and 
can be represented by numbers which express the 
relative degrees of attraction. 

The 7th law is, that bodies have amongst themselves 
different degrees (^ attraction. Upon this law (which \ 

you may have discovered yourselves long since), the ' 

whole science of chemistry depends ; for it is by means 
of the various degrees of affinity which bodies have 
for each other, that all the chemical compositions and 
decompositions are effected. Thus if you pour sul- 
phuric acid on soap, it will combine with the alkali to 
the exclusion of the oil, and form a sulphat of potash. 
Every chemical fact or experiment is an kistance of the 
same kind ; and whenever the decomposition of a body 
is performed by the addition of any single ncw.sub- 
stance^ it is said to be effected by simple elective attract 
Hons, But it often . happens that no simple substance 
will decompose a body, and, that, in order to effect this, 
you must offer to the cmnpound a body which is itself 
composed of two, or sometimes three principles, "which 
would not, each separately, perform the decomposition. 
In this case there are two new compounds formed in 
consequence of a reciprocal decomposition and recom- 
position. All instances of this kind are called double elec* 
tive attractions* 

CaroBne, I confess I do not understand this clearly«. 

Mrs. £. You will easily comprehend it by the as- 
sistance of this diagram, in whkh the i^eciprocal fo^ceSi 
€»f attraction are represented by numbers i 

R2; 
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We t^r^ syppQsi^ that we are to decompo&e sulph^^ 
of soda ; that is, to separiate th^ acid from the alkali : 
if, for tMs purpose we dn^ some li^e, in orderto make 
it combine with the acid> we shall £ail ip our attempt^. be% 
cause the soda and th^ sulphuric acid attract each oth- 
er by ja force which is (by way of suppo^dpn) repre-. 
sented by thf number 8 ; while the lim^ tepds to unite 
with this acid by an afiinity equal only to the number 6^ 
It is plain, therefore^ that the sulphat of soda will not 
be decompps^d, wacp a force equfil to Q cannot \)^ over-, 
come by a fprce equal oply to 6. 

CaroHne, ^ far, this appears very plea^. ~ 
Mrs, i?. I^ on thi& other hand, we endeavour to de* 
compose this salt by nitric acid) which tends to com^ 
^oe with soda, we shall be j^^JiaUy unsuccessful, as 
nitric acid tend^ to unitewith the alkali by a force equal 
©nly to 7, 

In neither of these c^es of simple elective attrac* 
tioDy therefore, can w^. accomplish our purpose. But 
let us previously comb^ together the lijmQ aod pitric 
acid, 80 10 to fona a Qttrat of Upn^, a compound salt^ 
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^e constituents of which are united by a power equal 
to 4. If then we present this compound to the sulphal 
of soda, a decompositioQ wQl ^snsue^ because the sum 
of the forces which tend to preserve the two salts in. 
Iheir actvui) state, is not eqvial to that of the forces which 
1(end tade^omposi^ th^m, and tof^rxnpew combinations^ 
The nitric acid, therefore, will combine with the soda, 
^nd the sulphuric acid w^th the Ume* 

Caro&ae, I understand you now very well. This 
double effect takes place because the numbers 9 and 4^ 
which represent the degrees of attraction gf the con-^ 
stituents of the two origal salts, make a sum less than 
the numbers 7 and 6, which represent the degrees of 
attraction of the two, pe^ compounds th^t will in conse« 
quence be formed, 

Mrs,, B. Precisely so, 

^jarotine. But what is the meaning of gtdtscint> an4 
divellent^forceSf which are- written in the diagram I 

Mrs. B, Quiescent forces are those whrch tend to. 
preserve compounds m a stat^ of rest, or such as they 
actually are : divellent forces are those which tend to 
destroy that state ^f combinatjcm, and to form new comi 
pounds. 

These are the principal circumstances illative to the 
doctrine of chemical attractions, which have been lai^ 
4pwn as rules by modem chemists ; a few others might 
be mentioned respecting the same theory, but of less 
impprtapce, and such as would take us too far from our 
plan. I sl^njjd, however, not omit to mention that Mr«. 
Berthollet, a celebrated French chemist, has shewn». 
that whenever in chemical operations there is a display 
of contrary attractions, the combina|ions which take 
place depend not only upon the affinities, but also, in 
some degrecj on the proportioiis of the substances cpn^ 
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Mrs. B. 

Having now giren you some idea of the laws by 
-which chemical attractions are governed, v^e may pro- 
ceed to the examination of bodies tliat are formed m 
consequence of these attractions. 

The fupst class of ccfflopounds that present themselves 
to our notice, in our gradual ascent to the most com- 
plicated combinations, are bodies composed of only twa 
principles. The sulphurets, phosphorets, carburets, 
&c. are of this description ; but the most numerous 
and important of these compounds are the combmaUons. 
of oxygen vi^ith the various ^mple substances with 
virhich it has a tendency to unite. Of these you have 
already acquired some knowledge, and I hope Y^^/J^^ 
not be , at a loss to tell me the general names by v^rhich 
the combinations of oxygen with other substances are 
distinguished I 

£rmly. I believe you told us that all the combina* 
tions of oxygen produced either oxyds or acids ? 

Mrs, B, Very right ; and with what simple bodies 

will oxygen combine, Carctoe 1 

Caroline. With all the elementary substJMaces, ex- 
cepting the earths and alkalies. 

iWrs. J5. Very well,^ my dear ; we may now, there- 
fore, come to the oxyds and acids. Of the metallic 
oxyd?,. you have alre^y some general notions. This 
ubject, though highly interesting in its details, is not of 
sufficient importance to our concise view of chemistry, 
to be particularly treated of ; but it is absolutely ne- 
cessary that yousshould be better acquainted with th4 
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acids, and likewise with their combinations with the al- 
Icalies, which form the triple compound called Neu* 
TRAL Salts. 

You have, I believe, a clear idea of the nomencla- 
ture by which the base (or radical) of the acid, and the 
various degrees of acidification, are expressed ? 

Ermly. Yes, I think so ; the acid is distingui^ed 
by the name of its base, and its degree of acidity by the 
termination of that name in ons or ic ; thus sulphurem^ 
acid is that formed by the smallest proportion of oxygen 
combined with sulphur ; sulphunc acid is that which 
results from the combination of sulphur with the great- 
est quantity of oxygen. 

Mrs. jB, a still greater latitude may, in many cases, 
be allowed to the proportions of oxygen than can be 
combined with acidifiable radicals ; for several of these 
radicals are susceptible of uniting with a quantity of ox- 
ygen so small as to be insufficient to give them the 
j)ix)perties of acids ; in these cases therefore, they arc 
converted into oxyds, Such is sulphur, which by ex- 
posure to the atmosphere with a degree of heat inad* 
equate to produce inflammation, absorbs a small pro- 
portion of oxygen, which colours it red or brown. Thiii 
therefore b the first degree of oxygenation of sulphur ; 
the Sd converts it into sulphurous acid ; the 3d into sul« 
phunc acid ; and, 4thly, if it was found capable of com« 
Dining with a still larger proportion of oxygen, it would 
then be termed sufiertoxygenaued sulphuric add. 

Endly, Are these various degrees of oxygenation 
common to all acids ? 

Mrs. B. No ; they vary much in this respect ; some 
are susceptible of only one degree of x)xygenation ; 
others, of two, or three ; there are but very few that 
will admit of more* 

Caro$ne^ The modem nomenclature must be of 
immense advantage in pointing out so easily the nature 
of the acids, and their various degrees of 9xygenation. 

Mrs, B. Certainly. But great as are the advan- 
tages of the new nomenclature m this respect, it is not 
possible to apply it in its full /xtent to all the acids, be-t 
cause the radicals or bases of some of them are still up^ 
koowQ. 
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Carokne, If you are acquainted with the acid, I can- 
not understand how its basis can remain unknown ; you 
have only to separate the oxygen from it by elective 
attractions, and the ba^s must remain alone ? 

Mrs. B. This is not always so easily accomplished 
as you imagine ; for there are some acids which no 
cbepist has hitherto been able to decompose by any 
means whatever. It appears that the bases of these 
undecompounded acids have so strong an attraction for 
oxygen, that they will yield it to no other substance ; 
and in that case, you know, all the efforts of the che- 
mists are vain. 

Emily. But if these acids have never been decom- 
posed, should they not be classed with the simple bo- 
<fies ; for you have repeatedly told us that the simple 
bodies are rather such as chemists are unable to decom- 
pose, than such as are really supposed to consist of on- 
ly one principle ? - \ 

Mrs. B. Analogy affords us so strong a proof of 
the compound nature of the undecompovinded acids, 
that I never could reconcile myself to classing them ^ 

with the simple bodies, though this division has been { 

adopted by several chemical writers. It is certainly 
the most strictly regular; but, as a systematical ar- 
rangement is of use only to assist the memory in retain- j 
ing facts, we may, I think be allowed to deviate from ^ 
it when there is danger of producing confusion by fol- 
lowing* it too closely : — and this, 1 believe, would be 
the case, if you were taught to consider the undecom* 
pounded acids as elementary bodies, 

Emihf, I am sure yov would not deviate from the 
methodical arrangement without good reason. But 
pray wh^t are the names of these undecompoynded 
^cjds ? 

Mrs, B, There are three of that description ; ' 

The Muriatic acid. 
The Boracicacid, 
The Fluoric acid. 

Since these acids cannot derive their names fr^m 
their radicals, Itiey are q^lled after the compound subt 
stances frpna whipb they are e^ttract^d. 
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Caroline, We have heard of a great variety of acids ; 
pray how many are there in all ? 

Mrs, B. I believe there are reckoned at present 
thirty-four, and their number is constantly increasing, 
as the science improves ; but the most important, and 
those to which we shall almost entirely confine our at- 
tention, are but few. I shall, however, give you a gen- 
eral view of the whole ; and then we shall more partic- 
ularly examine those that are the most essential. 

This class of IxkUcs was formerly divided into mine- 
ral, vegetable, and armnal acids, according to the sub- 
stances from which they vt^re extracted. 

Caroline. That I should think must have been an 
Excellent arrangement ; why was it altered !' 

Mrs. B, Because in many cases it produced con- 
fusion. In which class, for instance, would you place 
carbonic acid ? 

Caroline. Now I see the difficulty. I should be at 
a loss where to place it, as you have told us that it ex* 
ists in the animal, vegetable, and mineral kingdoms. 

Emily. There would be the same objection with 
repect to phosphoric acid, which, though obtained 
chiefly from bones, can also, you said» be found in small 
quantities in stones, and likewise in some plants. 

Mrs. B. You see, therefore, the propriety of chang- 
ing this mode of classification. These Objections do 
not exist in the present nomenclature ; for the com- 
position and nature of each individtial acid is in some de- 
gree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to the more 
general division of acids, they are classed under these 
four heads : 

1st. Acids of known and simple bases, which arci 
formed by the union of these bases with oxygen. 

They are the following : 
The Sulphuric "^ 

Carbonic j 

jYitnc I Acids of known and sim- 



Phoafihoric 
Arsenical 
Tungstemc 
Molybderdc 



I^e bases« 
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Sdly. Those of unknown bases: 

The Muriatic ^ 1 

Baracic ^ V Acids of unknown bases. 
Fluoric J 

These two classes comprehend the most anciently 
known and most important acids. The sulphuric, ni- 
tric, and muriatic, were formerly, and are still fre- 
quently, called mineral acids. 

3dly. Acids that have double or binary radicals, and 
which consequently consist of triple combinations.— 
These are the vegetable acids whose common radical 
ift a compound of hydrogen and carbone. 

Caroline, But if the basis of all the vegetable acids 
be the same, it should form but one acid ; it may in- 
deed combine with different proportions of oxygen, but 
the nature of the acid must be the same ? 

Mra, B, The only difference that exists in the ba- 
ses of vegetable acids, is the various proportions of hy- 
drogen and carbone from which it is composed. But 
this is enough to produce a number of acids apparently 
very dissimilar. That they do not, however, dififer 
essentially, is proved by their susceptibility of being 
converted into each other, by the addition or subtractiosi 
of a portion of hydrogen or of carbone. 

The names of these acids are, 

The .Acetic 
Oxalic 
Tartarou9 
Citric 

MiHc r Acids of double bases, 

GalHe s beinp; of vegetable 

Mucout I origin. 

Benzoic 
Succinic 
Camphoric 
Suberic 

The 4th class of acids consists of those which have 
triple radicals, and are therefore of a still more com- 
pound nature. This class comprehends the animal 
*cid8, which are: 
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1 



The Lactic 
Pfussic 
Fommc 

Bombic J> Acids of triple bases, or 

Sebacic I animal acids. 






Zoordc 

JLitfdc J 

I have given this summary account or enumeration 
of the acids, as you may find it more satisfectory to 
\ have at once an outline, or general notion of the ex- 

tent of the subject ; but we shall now confine ourselves 
to the two first classes, which require our more imme- 
diate attention ; and defer the remarks which we shall 
have to make on the others, till we treat of the chemis- 
try of the animal and vegetable kingdoms. 

The acids of simple and known radicals are all ca- 
pable of being decomposed by- combustible bodies, to 
which they yield their oxygen. If, for instance, I pour 
a dix)p of sulphuric acid on this piece of iron, it will 
produce a spot of rust ; you know what that is ? 

Caroline. Yes, it is an oxyd, formed by the oxygen 
of the acid combining with the iron. 

Mrs, B. In this case you see the sulphur deposits 
the oxygen by which it was acidified on the metal.-. 
And again, if we pour some acid on a compound combus- 
tible substance, (we shall try it on this piece of wood) 
it \tfill combine with one or more of the constituents of 
that substance, and occasion a decomposition.. 

£mily. It has changed the colour of the wood to 
black. How is that ? 

Mrs. B. The oxygen deposited by the acid has 
burnt it ; you know that wood in burning becomes black 
before it is reduced to ashes. Whether it derives the 
oxygen which bums it from the atmosphere, or from 
any other source, the chemical effect on the wood is 
the same. In the case of real combustion, wood be- 
comes black because it is reduced to the state of char- 
coal by the evaporation of its other constituents. But 
can you tell me the reason why wood turns black whea 
burnt by the application of an acid ? 

S 
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Carole. Firsts tell me ifhat are the iogrex^ents of 
wood ? 
f^ Mra, B. Hydrogen and carbone are the chief con- 
stituents of wood, as of all other vegetable substances. 

Caroline* Well, then, I suppose that the oxygen of 
the acid combines with the hydrogen of the wood, to 
form water ; and that the carbone of the wood, re- 
maining alone, appears of its usual black colour. 

Mr9. B, Very well, indeed, my dear ; that is cer- 
tainly the most plausible explanation. 

Emily, Would not this be a good method of making 
charcoal ? 

Mrs. B. It would be an extremely expensive, and 
I believe, very imperfect method ; for the action of 
the acid on the wood, and the heat produced by it, arc 
far from sufficient to deprive the wood of all its evapor- 
able parts. 

Caro&ne, What is the reason that vinegar, lemon,, 
and the acids of fruits, do not produce this effect on 
wood? 

Mrs. B, They are vegetable acids whose bases are 
composed of hydrogen and carbone ; the oxygen, there- 
fore, will not be disposed to quit this radical, where it 
is already united with hydrogen. The strongest of 
these may, perhaps, yield a little of their oxygen to 
the wood, and produce a stain upon it ; but the carbone 
will not be sufficiently uncovered to assume its black 
colour. Indeed, the several mineral acids themselves 
possess tills power of chaiiing wood in very different 
degrees. 

Emily: Cannot vegetable acids be decomposed by 
any combustibles ? 

Mrs. B. No ; because their radical is composed of 
two substances which have a greater attraction for oxy- 
gen ths^n any known body. 

Caroline. And are those strong acids which bum 
and decompose wood, capable of producing similar ef- 
fects on the skin and flesh of animals ? 

Mrs, B, Yes ; all the mineral acids, and one of 
them more especially, possess powerful caustic quali- 
ties. They actually corrode and destroy the skin and 
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*ffesh : but they do not produce upon these exactly the 
same alteration as they do on wood, probably because 
there is a great proportion of nitrogen and other sub- 
stances in animal matter, wiiich prevents the separation 
«f carbone from being so conspicuous. 



ContjeriBfation xiv. 



Of the Stdtthuric and Phosfihoric Acids : or the conUnna- 
tiona of Oxygen with Sulfihur and Pho9/ihoru9 i and <f 
the Sulfihat9 and Phosfifuits*. 



Mrs, B^ 

Ik addition to the general survey which we have tak* 
en 6f adds, I think you will find it interesting to ex* 
ftmine in^vidually a few of the most important of them, 
and likewise aome of their principal combinations with 
the alkalies^ alkaline earths, and meta]s. The first of 
the acids, in point of importance, is the sulphuric, 
formerly called oH of vitriol, 

Caroline. I have known it a long time by tliat name, 
but had no idea that it was the same fluid as sulphuric 
acid. • What resemblance or connection can there be 
between oil of vitiiol and this acid ? 

Mrs, B. Vitriol is the common name for sulphat of 
iron, a sMt which is formed by the combination of sul- 
phuric acid and iron ; the sulphuric acid was formerly 
obtained by distillation from this salt, and it very na* 
turally received its name from the substance which af-« 
forded it 

Caroline, But it is still usually called oil of vitriol ? 

Mrs, B. Yes , a sufficient length of time b^ xu^ 
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yet elapsed, unce the invention of the new nomenclar- 
ture, for it to be generally disseminated ; but as it is 
adopted by ail scientific chemists, there is every reason 
to suppose that it vj^ill gradually become universal* When 
I received this . bottle from the cbemist*Sj the name 
written on the label was oil of vitriol ; but, as I knevir 
you were very punctilious in regard to the nomencla? 
ture, I changed it, and sul^titutpd the modern name. 

Emily, This acid has neither colour nor smell, bu| 
it appears much thicker than water. 

Mrs, B, It is twice as heavy as watpr, and has, yxm 
see, an oily consistence. 

Qiro&ne. And it is probably from. this circumstancf^ 
(hat it has been called an oil, for it can have no real 
claim to that name, as it does not contain either hydroe 
gen or carbpne, which are the essential constituents of 
oil. 

Mrs. B. Certainly ; and therefore it would be the 
more absurd to retain a name which owed its prigip to 
such mistaken analogy* 

Sulphuric acid, in its purest state, would be a con« 
Crete substance, but its attraction for water is such, that 
it is impossible to preserve it in that state ; it is, there* 
fore, always seen in a liquid form, such as y^u here 
find it. One of the most striking properties of suU 
phuric acid is that of evolving a considerable quantity of 
heat when mixed with water ; this I have already shewfit 
you, 

Emily. Yes, I recollect it ; but what wa« the degree 
of heat produced by that mixture ? 

Mr8, B, The thermometer may be raised by it to 
300, which is considerably above the degree of boiling 
water, 

Caroline^ Then water might be made to boil in that 
mixture. 

MvB, B. Nothing more easy, provided that you em* 
ploy sufficient quantities of acid and of water, and in 
the due proportions. The g^atest heat Is produced 
by a mixture of one part of water to four of the acid \ 
we shall make a mixture of these proportions, and im- 
merse this thin glass tube, whigh is full of water^ into 
It. 
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CarqUne^ The vessel feels extremly hot^ but the 
water cioes not boil yet. 

Mrs, B. You must allow some time for the heat ta 
penetrate the tube, and raise the temperature of the 
vater to the boiling pdnt— • 

CaroHne^ Now it boils-*and with increasing vio* 
fence. 

Mrs, -S, But it will not continue boiling long ; for 
the mixture gives out heat only while the particles of 
the water and the acid are mutually penetrating each 
Other : as soon as the new arrangement of those parti-^ 
cles is effected, the mixture will gradually cool, and 
the water return to its former temperature. 

You have seen the manner in which sulphurfc acid 
decomposes all combustible substances, whether ani-* 
.mal, vegetable, or mineral^ and burns them by mean* 
of its oxygen I 

Caroline,, I have very unintentionally repeated the 
experiment on my gown, by letting^a drop of the acid 
fall upon it» and it has made a stain, which, I suppose^, 
will never wash out* 

Mrs. B, No, certainly % for, before you can put it 
into water,, the spot will become a hole, as the acid 
has literally burnt the muslin^ 

Caroline, So it has indeed ! Well, I will fasten the 
stopper and put the bottle away, for it is a dangerous, 
substance ■— Oh^ now I have done worse still, for I have 
spilt some on my hand i 

Mrs, B. It i^ then burned, as well as your goWn> 
for you know that oxygen destroys animal as well as. 
vegetablc^ matter ;. and^ as far as the decomposition of 
the skin of your finger is effected, there is no remedy ; 
but, by washing it immediately in water, you will di-t 
lute the acid, and: prevent any farther injury. 

Caroline. It feels extremely hot, I assure you. 

Mrs, B. You have now learned, by experience^, 
how cautiously this acid must be used. You will soon 
become acquainted with another acid, the nitric, which 
though it produces less heat on the skin, destroys it still 
quicker, and makes upon it an indelible stain. You; 
KbQuld never handle any substances of this kind, wijth* 

SSI 



( 398 ) 

«ut previously dippbg your fingers in water, -whicli 
i¥iil weaken their caustic efTects.-^But since you will 
not repeac the expeiimentt I must put in the stopper, 
for the acid attracts the moisture from the atmosphere 
which would destroy its str^gth and purity, 

EmUy, Pray how can sulpihuiic acid be ^xtractec( 
from sulphat of iron by distillation ? 

Mrs. B. The process of distillation, you know^ con-? 
sists in separating substances from one another by meai^ 
of their different degrees of vplaliUty, and by the introe 
duction of a new chemical agent, caloric. Thus, if 
sulphat of iron be exposed in a retort to a proper de^ 
gree of heat, it will be decompose>d9 and the sulphurijp 
acid will be vplatiliz^d. 

Emily. But now that H:he process of forming acidji 
.by the combustion of th^lr radicals is known; why should 
not this method be used for making sulphuric acid ? 

Mrs. B. This is actually done in most manufactures \ 
but the usual method of preparing sulphuric acid doe» 
not consist in burning the sulphur in oxygen gas, (2^ 
wC formerly did by way of experin^ent), but in heatini^ 
at together with another substance, i^tre, which yields^ 
oxygen in ^ufi^cient abundance to render the comb|Ustio|i 
in common air rapid and complete. 

Caroline. This substance, th^n, answers the sa{X^ 
purpose as oi^ygen gas ? 

Mrs. B* Exactly. Ip manufactures the combustion 
is performed in a leaden chamber, with water at th^ 
bottom*to receive the vapour, apd . assist its condensa-! 
tion. The combustion is, however, never so perfect, 
but that a quantity of sulphurous acid Js fonped at th^ 
same time ; for you recollect that the sulphurous acid 
differs from the sulphuric only by cpntiuning less oxy« 
gen. 

From its own powerful properties, and froin the va«« 
xious combinations into which it enters, sulphuric acid 
is of great importance in many of the arts. 

It is used also as a medicine in a state of great dilu^ 
tion ; for we^e it taken internally, in a concentrate^ 
state, it would prave a most dangerous poison. 

Caroline. I am sure it would burn the throat mi 
.fitomatih« 
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A/r«. B. Can you think of any thing that would 
prove an antidote to this poison I 

CaroHne, A large draught of water to dilute it. 

Mrs, B. That would certainly weaken the power of 
the acid, but it would increase the heat to an intolera* 
ble degree. Do you recollect nothing that would dc? 
stroy its deleterious pitiperties moro-effectually ? 
I Emily, An alkali might, by combining with it ; but 

I then, a pure aikali is itself a poison, on account of its 

causticity, 

Mrs, B, There is no necessity that thp alkali should 
"be caustic. Soap, in which it is combined with oil : or 
magnesia, eithqr in a state qf carbonat, or mixed with 
water, would prove the best antidotes. 

JSmiiy. In those cases, then, I suppose, the potash 
|ind the magnesia would quit their combinations to fonji 
^alts with the sulphuric acid ? 

Mrs. B, Precipe ly, 

We may now make a few observations on th^ suU 
phurows acid, which we have found to be the product of 
sulphur slowly and imperfectly burnt. — This acid is dis* 
tinguished by is pungent smell, and its gaseous form. 

Caroline, Its aeriform state is, I suppose, owing tq 
the smaller proportion of oxygen, which renders it 
lighter than sulphunc acid ? 

Mrs, B. Probably ; for by adding exygen to the 
weaker acid, it may be converted into the stronger kind, 
But this change of state may also be connected with ^ 
change of affinity with regard to caloric. « 

Endly. And may sulphurous acid be obtained fron^ 
nulphuric acid by a dimiinution of oxygen ? 

Mrs, B. Yes : it can be done by bringing any com- 
bustible substance in contact with the acid. This de» 
fomposition is most easily performed by some of the 
jnetals ; these absorb a portion of the oxygen from th« 
isulphuric acid, which Is thus converted into the sulphu-s 
Tous, and flies off in its gasepus form. 

Caroline, And cannpt the sulphurous acid U^elf b^ 
decomposed at)d reduced to sulphur ? 

. Mt9^ -B., Yes ; if tliis gas be heated in contapt with 
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ehapcoal) the oxygen of the acid will combine with it, 
and the pure sulphur be regenerated. 

Sulphurous acid is readily absorbed by water ; and 
in this liquid state it is found particularly useful in bieachi^ 
ing linen and woollen cloths, and is niuch used in man«> 
ufactures for those purposes. I can shew you its effect 
in destroying colours, by taking out any iron mould, or 
vegetable stain^I think I see a spot on your gawn> £m« 
ily, on which we may try the experiment. 

Emily. It is the stain of mulberries ; but I shall be 
olmost afraid of exposing my gown to the experiment, 
after sedng the effect which the sulphuric acid produc-^ 
cd on that of Caroline--^ 

Mrs, JB, There is no such danger from the sulphur^ 
ous ; but the experiment must be made with gre^t 
caution I for, during the foi^mation of sulphurous acid 
by combustion, there is always some, sulphuric pro^ 
duced. 

CaroHne^ But where .is your sulphurous acid I 

Mrs, B. We may easily prepare some ourselves,^ 
pimply by burning a match ; we must first wet the stain 
with a little water> and now hold it in this way, at alit« 
tie distance, over the lighted match : the vapour that 
arises from it is sulphurous, acid^ and the stall), you se^^ 
^adually disappears. 

Eirdly, I l^ave frequently taken out stains by this 
means^ without understanding the nature of the pro* 
qess. But why is it necessary tQ wet the stain before): 
it is exposed to the acid fumes^ l 

Mrs. B. The moisture attracts and absorbs the suK 
phurous,acid > and it serves likewise to dilute any part, 
tides of sulphuric acid which might injure the linen. 

Sulphur is susceptible of a third combination with 
oxygen, in whfch the proportion of the latter is too, 
9mall to render the sulphur acid. It acquires this slight 
oxygenation by mere exposure to the atmosphere,, 
without any elevation, of temperature : in this case, th^ 
sulphur does not change iits natural form, but is only- 
discoloured, being changed to red or brown ; and ioi 
^s state it is an oxyd of sulphur. 

jfefqr^ we take leave of the sulphuric acid, we shall; 
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say a few words of its principal combinations. It unites 
with all the alkalies, alkaline earths> and naetals, to form 
compound salts. 

QtroUne, Pray, give, me leave to interrupt you fop 
9L moment : you have never mentioned any other salts 
than the compound or neutral salts ; is there no other 
Jund ] . 

Mrs. B. The term seUt has been used, from time 
immemorial, as a kind of general name^ for any. sub- 
stance that has savour, odour, is soluble in vfrater, and 
crystallizable, whether it be -of an.acidi an alkaline, or 
compound nature ; but the compound salts alone retain 
that appellation in modem chemistry. 

The most important of the salst, formed by the com* 
bination of the sulphuric acid, are, first, ndfifmt of fiot-^ 
ashj formerly called aul fiolychrest ; this is a very bitter 
salty much used in medicine ; it is found in the ashes of 
most vegetablesi but it may be prepared artificially by 
the immediate combination of sulphuric acid and pot** 
ash. This salt is easily soluble in boiling water. So* 
Jubility is, indeed, a property, common to all salts ; 
and they always produce cold in melting, 

Endly, That must be owing to the caloric which 
they absorb in passing from a solid to a fluid form. 

Mrs, B, That is, certahily, the most probable ex» 
planation. 

Sulfihat of soda^ commonly called Glauber's salt, is 
linother medicinal salt, which is still more bitter than 
the preceding. We must prepare some of these com- 
pounds, that you may observe the phenomena which 
takes place during their formation. We need only 
pour some sulphuric acid over the soda which I put in*- 
^o this glass, 

QaroUne. What an amazing heat is disengaged. I 
thought you wd that cold was produced by the melting 
of salts I 

Mrs. B, But you must observe that we are now 
piaking not melting a suit. Heat js disengaged during 
the formation of compound salts, because the acid goe^ 
into a moi*e dense state in the salt than that in which it 
jpxisted before. A faint light is alsp emitted, wbi^h 
inay son^etimes be perceived in th^ darkt 



( fl02 ) 

Eitttly: If the oxygen, in combining t^ith the alk'a* 
li/dbengages light and heat, an actual combustion takes 
place. 

3frs, B. Not so fast, my dear ; recollect that the 
alkalies are incombustible substances, and incapable of 
combining with oxygen singly. They are not acted on 
by this principle, unless it presents itself in a state of 
union with another body ; and, therefore, the combina- 
tion of an acid with an alkali cannot be called combus- 
tion. 

Carbihte. Will this sulphat of soda become solid ? 

Mrs. B. We have not, I suppose, mixed the acid 
and the alkali in the exact proportions that are requir- 
ed for the formation of the salt, otherwise the mixture 
would have been ahtiost immediately changed to a so- 
lid mass ; but, in order to obtain it in crystals, as you 
see it in this bottle, it would be necessary first to dilute 
it ^ith water, and afterwards evaporate the water, du- 
ring which operation the salt would gradually crystal- 
-S«e. 

Carolhie. But of what use is the addition of water, if 
it is afterwards to be evaporated ? 

Mrs, B, When ^suspended in water, the acid and 
the alkali are more at liberty to act on each other, their 
union is more completi^, and the salt assumes the regu- 
lar form of crystals during the slow evaporation of Ita 
solvent 

Sulphat of soda liquefies by heat, and efftoresces la 
the air, 

EmUy, Pray what is the meaning of the wori effio* 
Tfsces ;? I do not recollect your having mentioned it be- 
fore. 

Mrs, B, A salt is said to effloresce when it loses its 
water of crystallization on being exposed to the atmos- 
phere, and is thus gi^adually converted into a dry pow- 
der : you may observe that these crystals of sulphat of 
' soda are fer from possessing the transparency which 
belongs to their crystalline state ; they are covered 
with a white powder, occasioned by their having been 
exposed to the atmosphere, which has deprived their 
surface of its lusti'e, by obsorbing its water of crystallit 
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2atiou. Salts arej in general, either efioreecmt or de^ 
liquescent ; this latter property is precisely the reverse 
of the former ; that is to say, deliquescent salts absorb 
water from, the atmosphere, and are moistened and 
gradually melted by it. Muriat of lime is an instance 
of great deliquescence. 

Emily, But are there no smalts that have the sciiiie 
degree of attraction for water as the atmosphere, apd 
that will consequently not be affected by it ? 

Mrs, £. Yes ; there are many such salts ; as> fi^ 
instance, common salt, sulpbat c^ magnesia^ d^A a 
variety of others. 

Svlfihat qfUmc is very frequently met with in nature, 
and constitutes the well known substance called gyp' 
sum^ QV plaster of Paris. 

Salphat qfmagnesiay commonly called Rfisom salt^ i% 
another very bitter medicine, which is obtained from 
sea- water and from several springs, or may be prepar* 
ed by the direct combination of its ingredients. 

We have formerly mentioned sulphat o/* alumine as 
constituting the common ahim ; it is found in nature 
chiefly in the neighborhood of volcanos, and is particu- 
larly useful in the arts, from its strong astringent qua- - 
lities. It is chiefly employed by dyers and calico-print- 
ers to flx colours ; and is used also in the manufacture 
of leather. 

Sulphuric acid combines also with the metskls. 

Caroline, One of these combinations, stUfihat ofiron^ 
we are already well acquainted with. 

Mrs, B, That is the most important metallic salt 
formed by sulphuric acid, and the only one that we 
shall here notice. It is of great use in the arts ; and 
in medicine, it affords a very valuable tonic : it is of' 
this salt that most of those preparations called steel me- 
dicines are composed. 

Caroline, But does any carbone enter into these 
compositions to form steel ? 

Mrs, B. Not an atom ; they are, therefore, very 
improperly called steel ; but it is' the vulgar appella- 
tion, and medical men themselves often comply with 
the general custom. 
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Sulpbat of irc»i may be prepared, as you have seen, 
by dissolving iron in sulphuric acid ; but it is generally 
obtained from the natural production called Pyriteaj 
ivhicb, being a sulphuret of iron, requires only expo- 
sure to the atmosphere to be oxydated, in order to 
form the salt ; this, therefore, is much the most easy 
way of procuring it on a large scale. 

Emily, I am surprised to find that both acids and 
compound salts are generally obtained from their vari- 
ous combinations, rather than from the immediate 
union of their ingredients. 

Mrs, B, Were the simple bodies always at hand, 
their combination would naturally be the most conve- 
nient method of forming compounds ; but you must 
consider that, in most instances, there is great difficulty 
and expense in obtaining the simple ingredients from 
their comlunations ; it is, therefore, often more expe- 
dient to procure compounds from the decomposition of 
other compounds. But to return to the sulphat of iron. 
There is a certain vegetable acid called Gallic acidy 
which has the remarkable property of precipitating 
this salt black. — I shall pour a few drops of the gallic 
acid into this solution of sulphat of iron — 

Caroline. It is become as black as ink ! 

Mrs, B. And it is ink in reality. Common writing . 
ink is a precipitate of sulphat of iron by gallic acid ; 
the black colour is owing to the formation of gallat of 
iron, which being insoluble, remains suspended in the 
fluid. 

This acid has also the property of altering the co- 
lour of iron in its metallic state. You may frequently 
see its effects on the blade of a knife that has been 
used to cut certain kinds of fruits. 

Caroline. True ; and that is perhaps the reason that 
a silver knife is preferred to cut fruits ; the gallic acid, 
I suppose, does not act upon silver. — Is this acid found 
in all fruits ? 

Mrs, B, It is contained, more or less, in the rind 
of most fruits and roots, especially the radish, which, 
if scraped with a steel or iron knife, has its bright red 
colour changed to a deep purple^ the knife being at the 
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same time blackened. But the vegetal^Ie substance is 
which the gallic acid most abounds h nutgall, a kind of 
excrescence that grows on oaks, and from which the 
acid. is commonly- obtained for its various purposes. 



Mrs. B, We now come to the phosphobic and 
PHOSPHOROUS ACIDS. Ii> treating of phosphorus, you 
have seen how these acids may be obtained from it by 
combustion ? 

Emily. Yes ; but I should be much surprised if it 
was the usual method of obtaining them, since it is so 
Tery difficult to procure phosphorus in its pure state. 

Mrs, B, You are right, my dear ; the phosphoric 
acid, for general purposes, is extracted from bonesy 
in which it is contained in the state of phosphat of lime; 
from this salt the phosphoric acid is separated by meant 
of the sulphuric, which combines with the lime. In 
its pure state, phosphoric acid is either liquid or solid) 
according to its degree of concentration. 

Amongst the salts formed by this acid, phosfdiat of 
-Hme is the only one that affords much interest ; and thisy 
we have already observed, constitutes the basis of all 
bones. It is also found in very small quantities in some 
vegetables^ 



Conttecsfation xv. 

Of the nitric and carbonic acids ; or the combinations tfox" 
ygcn with nitrogen and carbone ; and of the nitrats and 
carbonats, 

Mrs. B, 

I am almost afraid of introducing the subject of the 
^TRic ACID, as X Ain sure that I shall be blamed by 
Caroline, for not having made her acquainted with it 
bfifore. 

QaroUne. Why so, Mrs. B— ? 

T 
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Mrs, B. Because you have long known its radical^ 
Vrhich is nitrogen or azote ; and, in treating of that ele* 
ment, I did not even hint that it was the basis of an 
acid. 

Caroline. Indeed, that appears to me a great omis* 
sion ; for you have made us acquainted with all the oth- 
er acids, in treating of their radicals. 
• Emily. I would advise you not to be too hasty in 
your censure, Carohnc ; for I dare say that Mrs. B. 
had some very good reason for not mentioning this.acid 
sooner. 

Mrs. JB, I do not know whether you will think the 
reason sufficiently good to acquit me ; but the omis* 
sion, I assure you, did not proceed from negligence. 
•You may recollect that nitrogen was one of the first sim- 
ple IxK^es. which we examined; you were then igno- 
I'ant of the theory of combustion, which I believe was, 
for the first time, mentioned in that lesson ; and there* 
fore it would have been in vain, at that time, to have 
attempted to explain the nature and formation of acids. 

CaroUne. I wonder, however, that it never occur- 
red to us to inquire whether nitrogen could be acidified ; 
for, as we knew it was classed amongst the combus- 
tible bodies, it was natural to suppose that it might pro- 
duce an acid. 

Mrs, B, That is not a necessary consequence ; for 
it might combine with oxygen only in the degree re- 
quisite to form an oxyd. But you will find that nitro- 
gen is susceptible of various degrees of oxygenation, 
some of which convert it merely into an oxyd, and oth- 
ers give it all the acid properties. 

The acids, resulting from the combination of oxygea 
with nitrogen, are called the nitrous and nitric acids. 
We will begin with the nitric, in which nitrogen is in 
the highest state of oxygenation. This acid naturally 
exists* in the form of gas ; but it is so extremely soluble 
in water, and has so great an affinity for it, that one 
grain of water will absorb and condense ten grains of 
acid gas, and form the limpid fluid which you see in 
this bottie. 

Caroline, What a strong offensive smell it has ! 
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Mrs. B. This acid contains a greater abundance of 
oxygen than any other^ but it retains it with very little 
force. 

• Emily. Then it must be a powerful caustic^ both 
from the fecility with which it parts with its oxygen^ and 
the quantity which it afibrds ? 

Mrs, B, Very well, Emily ; both cause and effect 
are exactly such as you describe : nitric acid bums and 
destroys Jill kinds of organized matter. It even set* 
fire to some of the most combustible substances. We 
shall pour a little of it over this piece of dry warm char- 
coal-^—you see it inflames it immediately ; it would do 
the same with oil of turpentihe, phosphorus, and seve- 
ral other very combustible bodies. This shews you 
how easily this acid is decomposed by combustible bo- 
dies, .^nce these effects must depend upon the absorp- 
tion of its oxygen. 

Nitric acid has been used in the arts from time im- 
memorial, but it is not more than twenty five years that 
its chemical nature has been ascertained. The cele- 
brated Mr. Cavendish discovered that it consisted of 
about 10 parts of nitrogen, and 25 of oxygen.* These 
principles, in their gaseous state, combine at a high 
temperature ; and this may .be effected by repeatedly 
passing the electrical spark through a mixture of the 
two gasses. 

Emily. The nitrogen and oxygen gasses, that com- 
pose the atmosphere, do not combine, I suppose, be- 
cause their temperature is not sufficiently elevated ? 

Caroline. But in a thunder storm, when the light- 
ning repeatedly passes through them, may it not pro- 
duce nitric acid ; we should be in a strange situation if 
a violent storm should at once convert the atmosphere 
into nitric acid. 

Mrs. B, There is no danger erf" it my dear ; the 
lightning can affect but a very small portion of the aV^ 
mpsphere, and though it were occasionally to produce 
a little nitric acid9 yet this never could happen to sugh 
extent as to be perceivable* 

• The proportions stated by Mr. Davy, In his Chemical &«• 
•car^hei, are as x tp ^. 339. 
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Emily. But how could the nitric acid be fcnown^ and 
used, before the method of combining its constituenta 
Vfm discovered ? 

Mrs. B. Before that period the nitric acid was ob* 
tained, and it is indeed still extracted for the common' 
purposes of art, from the compound s^It which It forma, 
with potashf commonly called nitre. 

Caroline. Why is it called so? Pray, Mrs. jJ. lei 
these old unmeaning names be entirely given up, by 
us at least ; and let us call this salt nitrat of fiotash. 

Mr9. B. With all my heart ; but it is necessary thai 
I should, at least, mention the old names, and more 
especially those that are yet in common usip ; otherwise, 
when you meet with them, you would not be able ta 
understand their meaning. 

Emily. And how is the acid obtained from this salt \ 

Mrs. B. By the intervention of sulphuric acid, which 
combines with the potash^ and sets the nitrrc acid at 
Jiberty. Tl»s I can easily shew you, by mixing some 
nitrat of potash and sulphuric acid in this retort, and 
heating it over a lamp ; the nitric acid will come owtt 
m the form of Tapour, which we shall collect in a glas9 
bell. Thi& acid diluted in water is commonly called 
aqtm Jortisy if Caix>l]Qe will allow me to mention that 
name. 

CurOtme,, I have dfteiv hcatJd that aqua forties will dis* 
«olve almost all metals ; it is no doubt because it yields 
its oxy^n so easily. 

Mrs. B. Yes ; and from this powerful solvent pro* 
perty, it derived the name of aqua fortis, or. strong wa- 
ter. Do you not recollect that we oxydated, and afte** 
wards dissolved some copper in -this acid I 

Emily, If I remember right) the nitrat of copper 
was the first instance you gave us cf a conipound salt, 

Caroline. Can the nitric acid be completely decom-« 
posed and converted into nitrogen and oxygen ? 

Endly. That cannot be the case, Caroline, since 
the acid can be decomposed only by the combination of 
its constituents with other bodies. 

J^^l B. True ; but caloric is sufficient for this pur-» 
pose. By making the acid pass through a. red hotpor.- 
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^ain tube, it is decomposed ; the nitrogen and oxy 
gen regain the caloric whjch they had Icf&t in combin-- 
ing, and ^re thus both restored to their gaseous state. 

The nitric acid may also be partly decomposed, and 
is by this means ccoiverted into nitrous acid. 

Caroltie, This conversion must be easily effected^ 
as the oxygen is so slightly combined with the nitrogen. 

Mrs. B. The partial decompo^tion of nitric acid is 
readily effected by most metals ; but j|/ls sufficient to 
expose the nitric acid to a very strong light to make it 
give out oxygen gas^ and be thus converted into nitrous 
acid. Of this acid there are various degrees, accord- 
ing to the proportions of oxygen which it contains ; 
the strongest and that into wluch the nitric acid .is Urst 
converted, is of a yellow colour, as you see it in this bot- 
tle. 

Caroline, How it fumes when the stopper Is taken 
out. 

Mrs. B, The acid exists naturally in a gaseous state^ 
and is here so strongly concentrated in water that it i& 
constantly escaping. 

Here is another bottle of nitrous add, which, you 
see is of an orange red colour ; this acid is weaker, th» 
lutrogen being combined %vith a smaller quantity of ox* 
ygen ; and with a still less proportion of oxygen it is 
an olive green colour, as it appears in this third bottle. 
In short, the weaker the acid, the deeper is its colour. 

Nitrous acid acta stiU more powerfully on some in* 
flammable substances than the nitric. 

jEmily. I am surprised at that, as it contains less 
oxygen. 

Mrs. B. Buti «n the other hand, it parts with its 
oxygen much more readily : you may recollect that we 
once inflamed oil with this acid. 

The next combinations of nitrogen and oxy-gen form 
only oxyds of nitrogen, the first of which is common- 
ly called m^outf air: or more properly nitric oxyd gas. 
This may be obtained from nitric acid, by exposing 
the latter to the action of metals, as in dissolving them 
it does not yield the whole of its oxygen, but retains a 
portion of this principle sufficient to conveit it into this 

T J 



r 



'^'^^^^^r^^^—^-^^m^m-^^^^^ 



— J 



( 210 ) 

peculiar gas, a specimen of wiuch I have prepare^, 
und preserved within this inverted glass bell. 

Etmiy. It is a peifectly invisible elastic fluid. 

Mrs, B. Yes ; and it may be kept any length of 
time in this manner overvrater, as it is not, like the 
nitric and nitrous acids, absorbable by it. It is rather 
heavier than atmospherical air, and is incapable of sup<c 
porting either combustion or respiration. I am going 
to inclhie the glass gently on one side^ so as to let sonw 
of the gaa escape— 

£mfy. How very curious !— It produces orange^ 
fumes Eke the nitrous acid ! that Is the more extraor-^ 
dinary, as the gas within the glass is perfectly invisil]^. 

Mtb, B, It would give me much pleasure if you 
could mE^e out the reason of this curious change with* 
out requiring any further explanation. 

CaroSne, It seems, by the colour and smell, as if 
it were converted into nitrous acid gas : yet that cannot 
bOy unless it combines with more oxygen ; and hoAV 
can it obtain oxygen the very minute it escapes fromi 
the glass I ' 

MmUy, Fcom the atmosphere, no doubt. Is it not. 
aoy Mrs. B. ? 

Mtb. B, You have guessed k ^ as-soon as it comes 
in contact with the atmosphere it abscn'bs from it the 
additional quantity of oxygen necessary to convert it in-. 
to nitrous acid gas* — And, if I now remove the bottle 
•^^odrely from the ^vater, so as to bring at once the 
whole of the gas into contact witli the atmosphere, this 
conversion will .q)pear still more stnking. 

JEmily, Look, Caroline, the whole capacity df the 
fao^e is instantly tinged of an orange coknir 1 

Mri. B. Thus you see it is the most easy process 
imaginable to convert tutroua oxydgas into nitrous aci(P 
gas. The property of attracting oxygen from the at- 
mosphere, without any elevation of temperatufre, has 
occasioned this gaseous oxyd being used as a test for 
ascertaining the degree of purity of the atmosphene* 
I am going to show you how it is applied to this purpose 
— ^You see this graduated glass ti^e, which is* ctosed 
atone end ^ (JFlafe VIIL Mg.lQ.)^^ first fittit witk 
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water^ and then introduce a certiun measure of nititms 
. gas, which, notheing absorbable by water, passes thro* 
hi ai)d occupies the vpper part of the tube. I must 
jnowadd rather above two thirds of oxygen gas, which 
wiir just be sufficient to convert tbe nitric oxyd gas, in*, 
•to nitrous acid gas^ 

Caroline. So is has !^»-I saw it turn of an oi^axige co«. 
lour ; but it immediately afterwards disappeared entire- 
ly, and the water, yousee^ hasHseu, and almost filled, 
the tube.. 

Mrs. B, That is because the acid gas is absorbable. 
hy water, and in proportion as the gas impregnates the 
water, the latter rises in the tube. When the oxygeik. 
gas is very pure, and the required, proportion of nitric 
^yd gas. very exact, the whole is absorbed by the wa-^ 
ter ; but if afty other gas ,bc mixed with the oxygen,, 
instead of combining with the nitric oxyd, it will remain, 
and occupy the upp^r part of the tube ; or, if the gas-- 
».es be not in the due proportion^ there -will be- a residue 
0f that which predominates^— ..Before we- leave this sub*, 
ject, I must not forget to remark, ^at nitric acid may 
1>e formed by dissolving nitric oxyd gas in nitric acid.. 
This soluti^i may be effected simply by making bubbles 
of nitric oxyd gas pass through nitric acid. 

JEmily,, That is to say, that nitrogen, at its highest 
degree of oxygenation, being mixed with nitrogen at 
its lowest degree of oxygenation, will produce a kind of 
intermediate substance, which 13 nitric acid. 

Mrs. B^ You have stated the fact with great pi^eci-. 
«ion.— .There are various other methods of preparing 
nitrous oxyd, and of obtaining it from compound bodies f 
but it is not necessary to enter into these particulars. It 
remains for me only to mention another curious modifi*. 
cadon of >oxygenated nitrogen, which h^s been distinn. 
gui^dby the name of gasemifi oxyd.qf nitrogen.. It 1& 
%\mhX'^\y that tjii3 gas has been accurately examined, 
ana its properties have been chiefly investigated by Mr, 
Davy. It has obtained also the name of epchUiratin§ 
gas, from the very singular property which thatigentle- 
jnan has discovered in it, of elevating the animal spirits, 
^hen ifltoled into the lungs, to a degree sometimes iie« 
jfimbUng deMum or intoxieation. 
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CaroBne. It is respirable, then ? 

Mra* B. It can scarcely be called respirable^ as it 
would not support life for any length of time ; but it 
may be breathed for a few moments without any other 
effects, than the singular exhiliration of spirits 1 have 
just mentioned. It affects different people, however, 
in a very different manner. Soipe become violent, even 
outrageous : others experience a languor, attended with 
faintness ; but most agree in opinion, that the sensa« 
tions it excites are extremely pleasant. 

Caroline. I thbk I should like to try it-— how do you 
breath it? 

Mrs. B. By collecdng the gas in a bladder, to which , 
a short tube with a stop-cock is adapted ; this is applied 
to the mouth with one hand, whilst the nostrils are kept 
closed with the other, that the common air may have 
no access. You then alternately inspire, and expire 
the gas, till you perceive its effects. But I cannot con- 
sent to your making the experiment ; for the nerves 
are sometimes unpleasantly affected by it, and I would 
not run any risk of that kind. 

-Mrmly. I should Hke, at least, to see somebody 
breathe it ; but pray by what means is this curious ga& 
obtained ? 

Mrs. B. It is procured from rdfrai of ammoTtiaj an 
artificial salt, which yields this gas on the application 
of a gentle heat — I have put some of the salt into a 
retort, and by the aid of a lamp the gas wBl be extri* 
cated— 

Caroline. Bubbles of air begin to escape through the 
neck of the retort into the water apparatus ; will you 
not collect them ? 

Mrs. B. The gas that first comes over is never pre- 
served,^ as it consists of little more than the common 
air which was in the retort ; besides, there is always, 
in this experiment a quantity of watery vapour wltfchi 
must come away before the nitrous oxyd appears. 

Emily* Watery vapour I Whence does that pro- 
ceed ? there is no water in nitrat of ammonia I 

Mrs, B, You naust recollect that there'is in every 
ftalt a quantity of wate;: of cry stallizationj which may bQ 
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evaporated by heat alone. But, besides this, water l» 
actually generated in this experiment, as you will se^ 
presently. But first tell me, what are the constituent 
parts of nitrat of ammonia ? 

Emily. Ammonia, and nitric acid : this salt, there-, 
fore, contains three different elements, nitrogen and 
hydrogen, which produce the ammonia ; and oxygen^ 
which, with nitrogen, forms the acid. 

Mrs, B. Well, then, in this process the ammonia 
is decomposed ; the hydrogen quits the nitrogen to com-« 
bine with some of the oxygen of the nitric acid, and 
forms with it the watery ^\pour which is now coming 
over. When that is eflfected, what will you expect ta 
find? 

Emily. Nitrous acid Instead of nilric acid, and ni* 
trogen instead of ammonia. 

Mrs, B,, Exactly so ; and the niti'ous acid, and m^. 
trogen combine, and form the gaseous oxyd of nitroi 
gen, in which the proportion of oxygen is 37 parts ta 
-03 of nitrogen. 

You may have observed, that for a little while no bub-^ 
bles of air have come over, and we have perceived on- 
ly a stream of vapour condensing as it issued into the^ 
water. — ^Now bubbles of air a^in make their appear- 
.^jice, and I imagine that by this time all the watery^ 
vapour is come away^ and that we may begin to collect 
the gas. We may try whether it is pure by filling % 
phial with it, and plunging a taper into it — yes, it will; 
do now, for the taper bums brighter than in the com* 
mon air, a^pd with a greenish fiame. 

Caroiinf. But how is that ? I tliought no-gas would 
support combustion but oxygen, 

Mrs* B, Or any gas that contains oxygen, and is, 
ready to yield it, which is the case with this in a con* 
sidf rable degree ; it is not, therefore, surprising that 
it should accelerate the combustion of the taper. 

You see that the gas is now produced in great abun* 
dance ; we shall collect a large quantity of it, and \ 
dare say we shall find some of the family who will be 
curious to make the experiment of respiring it. Whilst 
this process is going on, we may take a general survie^ 
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6f the most important combination of the nitiic and ni- 
trous acids with the alkalies. 

The first of these is nitrat of fiotashy commonly call- 
ed tdtrcp or salt/ietre. 

Caroline, Is not that the salt with which gunpowder 
is made ? 

Mrs. B- Yes. Gunpowder is a mixture of five 
parts of nitre to one of sulphur, and one of charcoal.— 
Nitre from its great proportion of oxygen, and from 
the facility with which it yields it, is the basis of most 
detonating compositions. 

Emily. But what is the cause of the violent detona- 
tion of gunpowder when set fire to ? 

Mrs, B, Detonation may proceed from two causes ; 
the sudden formation or destruction of an elastic fluid. 
In the first case, when either a solid or liquid is instan- 
taneously converted into an elastic fluid, the prodigious 
and sudden expansion of the body strikes the air with 
great violence, and this concussion produces the sound 
called detonation. 

Caroline. That I comprehend very well ; but how 
can a similar effect be produced by the destruction of a 
gas ? 

Mrs. B. A gas can be destroyed only by condens- 
ing it to a liquid or solid state ; when this takes place 
suddenly, the gas, in assuming a new and more com* 
pact form, produces a vacuum into which the surround- 
ing air rushes with great impetuosity ; and it is by that 
rapid and violent motion that the sound is produced.— 
In all detonations, therefore, gasses are either sudden- 
ly formed, or destroyed. In that of gunpowder, bm 
you tell me which of these two circumstances takes 
place ? 

Endly. As gunpowder is a solid, it must, of course, 
produce the gasses in its detonation ; but howy I can- 
not tell. 

Mrs. B. The constituents of gunpowder, when 
heated to a certain degree, enter into a number of new 
combinations, and arp instantaneously converted into a 
Variety of gasses, the sudden expansion of which ^vea 
rise to the detonation. 
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CaroHne. And in ^hat instance does the destructioR 
or condensation of gasses produce detonation ? 

Mrs. B. I can give you one with which you are 
well acquainted ; the sudden combination of the oxygeii 
and hydrogen gasses. 

Caroline, True ; I recollect perfectly that hydrogen 
detonates with oxygen when the two gasses are con- 
verted into water. 

' Mrs, B. But let us return to the nitrat of potash. 
This salt is decomposed when exposed to heat, and 
mixed with any combustible body^ such as carbonCf 
sulphur, or metals, these substances oxydating rapidly 
at the expense of the nhrat. I must shew you an in- 
stance of this.—.! expose to the fire some of the salt in 
a small iron ladle, and when it is sufficiently heated, 
add to it some powdered charcoal ; this will attract the 
oxygen from the salt, and be converted into carbonic 
acid-- 

Emily, But what occasions that crackling noise, and 
those vivid flashes that accompany it ? 

Mrs. B. The rapidity with which the carbonic acid 
gas is formed, occasions a succession of small detona- 
tions, which, together with the emiision of flame, is 
called deflagration. ^ 

Nitrat of ammonia we have already noticed, on ac- 
count of the gaseous oxyd of nitrogen which is obtained 
from it. 

JVitrat of silver is the lunar caustic, so remarkaUe 
for its property of destroying animal fibre, for which 
purpose it is often used by surgeons. — We have said 
so much on a former occasion, on the mode in which 
caustics act on animal matter, that I shall not detain 
you any longer on this subject. 



We now come to the carbonic acid, which we 
have already had many opportunities of noticing. You 
recollect that this acid may be formed by the combus- 
.' tion of carbone whether in its imperfect state of char- 
coal, or in its purest form of diamond. And it is not 
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neceftsaiy, for this purpose, to bum the carbonc in 
pure oxygen gas, as we did in a preceding lecture ; for 
you need only light a piece of charcoal and suspend k 
tinder the receiver on the water bath. The charcoal 
will soon be extinguished, and the air in the receiver 
will be found mixed with carbonic acid, the process^ 
however, is much more expeditious if the combustion be 
performed in pure oxygen gas. 

Caroline, But how can you separate the carbonic 
acid, obtained in this manner, from the air \^'ith which 
it is mixed. 

Mrs. B, The readiest mode is to introduce under 
the receiver, a quantity of causdc lime, or caustic al- 
kali, which soon attracts the whole of tlie carbonic acid 
to form a carbonat.— The alkali is found increased in 
weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was 
mixed with it. 

£mily. Pray is there no method of obtaining pure 
carbone from cait)onic acid ? 

Mrs, B. For a long time it was supposed that car- 
bonic acid was not decomposable ; but Mr. Tennant 
&covere4 a fow years ago, that this acid may be de- 
composed by hurtling phosphorus in a closed vessel 
with carbone of soda or carbonat of lime : the phos- 
phonxi absorbs the oxygen from the carbonat, whilst 
the carbone is separated in the form of a black powder, 

CaroBne. Cannot we make that experiment ? 

Mrs. B, Not easily ; it requires being performed 
with extreme nicety, in order to obtain any sensible 
quantity of carbone, and the experiment is much too 
delicate for me to attempt it. But there can be no 
doubt of the accuracy of Mr. Tennant's results ; and 
all chemists now agree, that 100 parts of carbonic acid 
gas consist of about 88 parts of carbone to 72 oroxygen 
gas. ^ 

Carbonic acid gas is found very abundantly in nature ; 
it is supposed to form about a hundredth part of the 
atmosphere, and is constantly produced by the respira- 
tion of animals ; it exists in a great variety of combina- 
tions, and is exhaled from many natural decompositions* 
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It is contained in a state of great purity in certain cavedi 
such as the Grotto del Cancy near Naples. 

£ndlt/. I recollect having read an accoiuit of that 
grotto, and of the cruel experiments made on the poor 
*>gs> to gratify the curiosity of strangera. But .1 un- 
derstood that the vapour exhaled by this cave was adU 
edjijced <nr, 

Mrs. B. That is the name by which carbonic acid 
was known before its chemical composition was discov- 
ered. — This gas is more destructive of life than any 
other ; and if the poor animals that are submitted to 
its effects, are not plunged into cold water as soon as 
they become senseless, they do not recover. It extin- 
guishes flame instantaneously. I have collected some 
in this glass, which I will pour over the candle. 

CaroHne. This is extremely singular — it seems to 
extinguish it as it were by enchantment, as the gas is 
invisible. I never should have imagined that a gas 
could have been poured like a liquid. 

Mrs, B. It can be done with carbonic acid only^ as 
no other gas is sufficiently heavy to be susceptible of be- 
ing poured out in the atmospherical air, without mix- 
ing with it. 

Emily, Pray by what means did you obtain tliis gas ? 

Mrs, B, I procured it from marble. Carbonic acid 
gas has so strong an attraction for all the alkalies and 
alkaline earths, that these are always found in nature in 
the state of carbonats. Combined with lime, this acid 
forms chal](, ?vhich may be considered as the basis of 
all kinds of marble, and calcareous stones. From these 
substances carbonic acid is easily separated, as it ad- 
heres so slightly to its combinations, that the carbonats 
are all decomposable by any of the other acids. I can 
easily shew you how I obtained this gas ; I poured some 
diluted sulphuric acid over pulverized marble in this 
bottle (the same which we used the other day to pre- 
pare hydrogen gas), and the gas escaped through the 
tube Connected with it ; the operation still continues, as 
you may easily perceive— 

Etmly, Yes, it does ; there 5s a great fermentation 
in the glass vessel. What singular commotion is «x- 

U 
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cited by the sulphuric acid taking possession of the limcy 
and driving out the carbonic acid ? 

CaroUne. But did the carbonic acid exist in a gas- 
eous state in the marble ? 

M-a. B. Of course not ; the acid, when in a state 
of combination, is capable of existing in a soUd form. 

Caroline. Whence, then, does it obtain the caloric 
necessary to convert it into a gas ? 

Mr8,B,' It may be supplied in ihis case from the 
mixtui'e of sulphuric acid and water, which produces 
an evolution of heat, even greater than is required for 
the puipose ; since, as you may perceive by touching 
the glass vessel, a considerable quantity of the caloric 
disengaged becomes sensible. But a supply of caloric 
may be obtained also from a diminution of capacity for 
heat, occasioned by tlie new combination which takes 
place ; and, indeed, this must be the case when other 
acids are employed for the disengagement of carbonic 
acid gas, which do not, like the ^sulphuric, produce 
heat on being mixed with water. Carbonic acid may 
likewise be disengaged from its combinations by heat 
alone, which restores it to its gaseous state. 

Caroline r It appears to me very extraordinary that 
the same gas, whkh is produced by the burning of 
wood and coals, should exist also in stones, marble, 
and chalk, which are incombustible substances. 

Mrs. B. I will not answer that objection, Caroline, 
because I think I can put you in a way of doing it your- 
self. Is carbonic acid combustible ? 

Caroline. Why, no — because it is a body that has 
been already burnt, it is carbone only, and not the acid, 
that is combustible. 

Mrs. B. Well, and what inference do you draw from 
this ? 

Caroline. That parbonic acid cannot render the bo- 
dies in which it is contained combustible ; but that sim- 
ple carbone does, and that it is in this elementally state 
that it exists in wood, coals, and a great variety of oth- 
er conlbustible bodies—Indeed, Mrs. B. you are very 
ungenerous ; you are not satisfied with convincing me 
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that mj" objections are frivolous, but joii oblige me tO 
prove them so myself. 

Mt». B. You must confeas, however, that I make 
Smple amends for the detection of eri'or, when I enable 
you to discover the truth. Ymi understand, now, I hope, 
that carbonic acid is equally produced by the decompo- 
^lion of chalk, or by the combustionof charcoal. These 
processes are ceiTainly of a very different nature ; in 
the first case the acid is already farmed, and requires 
nothing more than heat to restore it to its gaseous slate \ 
whilst, in the latter, the acid is actually formed by tiie 
process of combustion. 

Caroline. I understand it now perfectly. But I have 
just been thinking of another difficulty, which I hope 
you will excuse my not being able to remove myself. 
How does the immense quantity of calcareous eaiih, 
which is spread all over the globe, obtain the carbonic 
Kcid which is combined with it ? 

Mrs. B. This question is, indeed, not very easy tg 
answer ; but I conceive that the general carbonisation 
of calcareous matter may have been the effect of a gen- 
eral combustion, occasioned by some revolution of our 
globe, and producing an immense supply of carbonic 
acid, with which the calcareous matter became impreg- 
nated ; or that this may have been effected by a gradu- 
al absorption of caitotwc acid from the atmosphere.— 
But this subject would lead us to discussions ivhich we 
cannot indulge in, without deviating too much from our 
subject. 

Bmily. How does it happen that we do not pei-ceive 
the pernicious effects of the carbonic acid that U float- 
ing in the atmosphere ? 

Mrs. B. Because of the state of very great dilution 
in which it exists there. But can you tell me, Emily, 
what are the sources which keep the atniosphere con- 
stantly supplied with this acid ? 

Mmrly. I suppose the combustion of woodj coals, 
and other substances, that contain carbbne. 

Mrs. B;  And also the breath of animals. 

Caro&ne. The breath of anjinaJa ! I thought yon 
«^ that this gas was not at all respirablC) but, «i tbe 
ecmtraiy, extreiBcly poisonous. 
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Mrs, B. So it is ; but although animals canncit 
breathe in carbonic acid gas, yet, in the process of re* 
spiration, they have the power of forming this gas^ m 
their lungs ; so that the air which we txfiire^ or reject 
from the lungs, always contains a greater proportion of 
carbonic acid, which is much greater than that which 
is commonly found in the atmosphere. 

CaroBne, But what is it that rendere carbonic acid 
such a deadly poison ? 

3ir*.B. The manner in which this gas destro]?^ 
Ufe, seems to be merely by preventing the access of 
respirable air ; for carbonic acid gas, unless very much 
diluted vith common air, does not penetrate uito the 
lungs, as the windpipe actually contracts^ and refuses 
it admittance. — ^But we must dismiss this subject at pre-^ 
sent, as we shall have an opportunity of treating of re* 
spiration much more fully » when we come to the chem<« 
ical functions of animals. 

JEmUy. Is carbonic acid as destructive tOrthe life of 
vegetables, as it is to that of animals ? 

il/r«. B» If a vegetable be completely immersed ia 
it, I believe it generally proves fktal to it ; but mixed 
in certai^i proportions with atmospheical air, it ison^tl^ 
contrary, very £a.vaurable to vegetation^ 

You remember, I suppose, ourmentlonihg the min* 
eral waters, both natural and artificial, which coDtam 
carbonic acid gas I 

Caroline. You mean the Seltzer water ? 

Mrs^ B. That is one of those which are most usedj 
there are, however, a variety of others into which car* 
bonic acid enters as ain ingredient ; all these vraters aro 
usually distinguished by the naftie of acidulotss or gaae* 
0U8 Ttdneral nvatefa. 

The class of salts called carbtmcUs is the most nume* 
Tous in nature ; we must pass over them in a very cur- 
sory manner, as the subject is far too extensive lor Us 
to enter on in detail. The state of carbooat is the natu« 
ral state of a vast number of minerals, and particularly 
of the alkalies and alkaline earths, as they have sa 
great an attraction for the carbonic acid, that the; arck 
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almost always found combined with it ; and you may 
recollect that it is only by separating them from thi« 
acid, that they acquire that causticity and those striking 
qualities which I have formerly described. All mar<- 
bles, chalks, shells, calcareous spars, and lime-stone$ 
of every description, are neutral salts, in which lime^ 
their common basis, has lost all its characteristic pro* 
pcrties. 

JEmily, But if all these various substances are form* 
cd by the union of lime ^with carbonic acid, whence 
arises their diversity of form and appearance ? 

Mrs, B, Both from the diffei-ent proportions of their 
component parts, and from a variety jof foreign ingrcr 
dients which may be occasionally mixed with thi^in x 
the veins and colours of marble, for instance, pr^^ed 
from a mixture of metallic substances ; silex anilatu** 
mine also frequently enter into these combinations. 
The various carbonats therefore, that I have enumerat»' 
ed, cannot be considered as pure unadulterated neutral 
salts, although they certainly belong to that class of 
IxHlies. 



ContjeriBfation xvi. 



€>n the muriatic and oscygencUed muriatic acida ; andi^ti 

muriats. 



Mrs. B, 

Wb come now to the undecompounded acids.-— The 
^uHiATic, formerly called the marine acid, is the 
only one that requires our particular attention. 

The basis of this acid, as I have told you before, is 
i^nknown^ all attempts to decompose it having hithpru> 

U 2 
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l>roTed fruitless ; it is, tkerefore^ by amilogy only, tha^ 
>Rre suppose it to consist of a certain sijbstance or raditali, 
combat with oxygen^ 

Caro/vi^, It can then ©ever be formed by the com-^ 
Hnation of simple bodies, but must always be drava^ 
&om its c<Hnpounds^ 

£mify. Unless the acid should be bmd k\ nature 
uncombined with other substances* 

Mr9. B, I believe that is never the case* Iks prin-^ 
cipal oom1:^ations ai:e witb soda, lime, and^ magneu^i.. 
- Muriat tfsodqy is the common sea salt,, and from thi% 
subs^ce the acid i{s usually diisengaged by means of 
the sulphufip acid. The natural state of the muriatic: 
acid, is that of an invisible permanent gas, at the com->- 
mon temperature of the atmospber,e % but h has an ex-^ 
tremely stroog att|^ctiH[)n for waten, a^d assumes th^ 
form of a whitish cloud, wheoever it meets, with any. 
moisture to comlbfeie with.. This acid is remarkable fot; 
Us peculiar and very pungent smell, and: possesses, Uu 
a powerful degree, most of the acid properties. Her^ 
is a bottle containkig muriatii& acid in a liquid s^^e.v 
Ctrolme. And how is it liquified ? 

J^8. Bv By impregnating water with it ; its strong' 
attraction for water m^kes Jit very easy to obtain it iti: 
a liquid form. Now, if I open the phial, you may ob-i. 
serve a kind (^vapour rising from^^, which. i3 muriatic 
; acid gas, of itself divisible, but made apparent by com-u 
IbHung n^ the mH9ture c^the s^Unosphere. 

Mm^. |{ave you not any of the pure muriatic acidl 
-jas? 

MffrM.B. This jar |s fuU of thai acid b its gaseous, 
■state— it is inverted over mercury instead of water, be^ 
cause, being absorbable by water, this ga& cannot be- 
confined by it,-«-I shall npw raise the Jar alktle on one- 
side, and suffer solhe of the gas to escape. — ^You see 
that it immediately becomes visible in the form of a^ 
cloud. 

JStmiy. It must be, no doubt, fW>m it$ uniting with. 
4he HKHsture of the atmosphere/ that it is Qpuverted in.-*^ 
to this dewy vapour. 
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Mlf$. B. Certainly; and for the same reason, ^t 
'^ to say, its extreme eagerness to unite wilth watec^, 
this gas vrill cavise snow to melt as,rapidly as an intensQ^ 
fre. 

Ermly^ Slnc^ ihfe acM cannot be decomposed^ 36 
suppose that it is not susceptible of Cerent djsgree*. 
of oxygenation ? 

Mrs, B.. You are mistaken ^ your conclusion ; for^ 
though we cannot deoxygen^te thi^ acidj yet we may 
add oxygeatoit. 

CaroUne.. Why then lis not the least degree of ox-«^ 
yge^ation of the add, called the murio^ouay and the; 
liigher degree the mwrwiftV acid ?: 

Mrs, B. Because, kistcad of becoming, like othei*- 
acids, more dense, and more acid by an addition of ox-^ 
y gen, it is rendered on th^ contrary more v<riatile, mor#- 
pungent, but less acid, and less abes^rbable by water^ 
These circumstances, therefore^ seem tq. indicate the- 
propriety of making an ejc9<^ption to the nomenclature .^ 
The highest de^ee of oxygenation of thi$ acijd has been, 
distinguished by the addidonal epithet of oxygenatedf, 
or, for the sake of brevky^ oa^y^ so that it i& called the*. 
oxygenated^ or oxy-*muriatie acid: This likewise exists; 
in a gaseous form, at the temperature- of the atmos-t 
phere ; k is also susceptible of being absorbed by waters 
and can be ccHsgealedi. or solidified, by a certain degree^ 
^cold.. 

EmUy,, And how do. you obtain Uie oity-muHatiip: 
acid? 

Mrs.. B. By distilling liquid muriatic acid over ox-i. 
yd of manganese, which supplies the acid with the ad-«. 
oitional oxygen.^ One part of the acid being put into, 
a retcMt, wijth too parts of the oxyd of manganese, and; 
the heat of a lamp applied, the gas, is soon disengaged^ 
and may be receked over water,«as it i^ but sparingly 
absorbed by it.. \ have collected some in this jar—* 

QaroUne,, It is net invisible,. like the genen^lity of 
gasses ; 6>r it is of a yellowish colour. 

Mrs.B. The muriatic acid extinguishes flame,., 
whilst) on the contrary, the oxy^muriatic makes thp> 
flame larger, and gives it a dark red colour. Can you^ 
»^,imt foi: th^ differeoce in the two ackis ? 
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Endly. Yes, I think so ; the muriatic acid cannot 
be decoitiposed, and therefore will not supply the flame 
vt^ith the oxvgen necessary for its support ; but when 
this acid is farther oxygenated it will part with its ad* 
ditional quantity of oxygen, and in this way suppoit 
combustion* 

Mra, B. That is exactly the case ; indeed the ox- 
ygen, added to the muiiatic acid« adheres so slightly 
to it, that it is separated by mere exposure to the sun's 
rays. This acid is decomposed also by combustible 
ixxlies, mimy of which it bums, and actually inflamesy 
Wkhout any ^:evious increase of temperature. 

CaroSne. That is extraordinary, indeed I I hope you 
mean to indulge us with some of these experiments ? 

Mrs. B. I have prepared several glass jars of oxy- 
muiiatic acid gas, for that purpose. In the first we 
shall introduce some Dutch gold leaf.— -Do you observe 
that it takes fire ? 

Emily, Yes, indeed it doe&»-<*how wonderful it is 1 
it became immediately red hot, but was soon smother** 
ed in a thick vapour. 

Caro&ne, Good heavens ! what a disagreeable smell* 

Mrs, B» We jftiall try the same experiment with 

.phosphorus in another jar of this acid.^— You had better 

keep your handkerchief to your nose when I open it>— • 

now let us drop into it this little piece of phosphorus—^ 

CaroUne, It burns really : and almost as biilliantly as 
in oxygen gas ! But what is most extraordinary, these 
combustions take place witliout tlie metal or phospho- 
rus being previously iighted,or even in the least heated. 

Mrs. B» All these curious effects are owing to the 
very great facility with which this acid yields oxygen 
to such bodies as are strongly ^sposed to combine with 
it. It appears extraordinary indeed to; see bodies, and 
metals in particular, melted down and inflamed, by a 
gas, without any increase of temperature, either of 
the gas or of the combustible. The phenopieno)!} 
however, is, you see, well accounted for. 

JEvtily. Why did you burn a piece of Dutch gold* 
Jeaf rather than a piece of any other ijnetal ? 

Mr9, B. Because; in the first place> it is a compo* 
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sltion of metals cousistiog chiefly of c^^er^ Mrbich 
bums readily f and I use a thin metallic leaf in prefer-^ 
ence to a lump of metal, because it offers to the action 
of the gas but a small quantity of matter under a large 
8ur&ce.— 'Filings, or shavings, would answer the pur- 
pose nearly aa well ; but a lump of metal> though the 
sur&ce would, oxydate with great rapidity, would not 
take fire* Pure gold is not inflamed by oxy*muriatic 
ftcid gas, but it is rapidly oxydated, and dissolved by 
it ; indeed,^ thia acid is the only one that will dissolve 
gold. 

Mnuiy^ This, I suppose, is what is commonly called 
aqita regies which you know, is the only tluxig that will 
act upon gold. 

Mrs.B, That is not exactly the case ehher; feraqua 
legia is compctsed of a mixture of muriatic and nitric 
acid. But, in &ct, the result of thb mixture is no- 
tiiing more than oxy^murkdc acid, as the muriatic acid 
oxygenates itself at the expense of the nitric ; this mix- 
ture, there£:)re, though it bears the name of miro mu'< 
viatic acidy acts on. gold merely in virtue of the oxy* 
muriatic acid which it contains. , 

Sulphur, volatile oils, and many other substances, 
will bum ip the same manner In oxy-muriatic acid gas I 
but I have not prepared a sufficient quantity of h^ U^ 
shew you the combustion of all these bodies. 

CaroUne. Yet there are several jars of the gas re^ 
maining. 

Mra^ B. We must reserve these for other experi-^ 
ments. The oxy-muriatic acid does not, like other 
adds, redden the blue vegetable colours ; but it totally 
destroys any colour^ and turns all vegetables perfectly 
white. Let us collect some vegetable substances ta 
put into this glass which is full of gas. 

Mmfy^ Here is a sprig of royitle-*-! 

Caro&ne. And here some coloured paper-** 

Mrs, B, We shall also put vx this piece ef coque* 
Bcot ribbon, and a rose — 

EmUy^ Their colours begin to fade immediately 1 
But how does the gas produce this effect ? 

Mrs^ B. The oxygen combines with the colouw^ 
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matter of these substances, and destroys it; that is to 
say, desti'oys the property which these colours had of 
reflecting only one kind of rays, and renders them ca» 
pable of reflecting them all, which, you know, will 
make them appear white. Old prints may be cleaned 
by this acid, for the paper will be whitened without in- 
juring the impression, as printer's ink is made of mate* 
rials (oil and lamp black) which are pot acted upon by 
acids. 

This property of the o^ty-^muriktic acid has lately 
been employed in manufactories in a variety of bleach^ 
ing processes ; but for these purposes the gas must b^ 
dissolved in water, as the acid is thus rendered much 
milder and less powerful in its eflects ; for, in a gase* 
ous state, it would destroy th^ texture, as well as the 
colour, of the substance submitted to its action. 

QaroHne. Look at the things which we put into the 
gas ; they have now entirely lost their colour ! 

Mr9. B. The effect of the acid is almost completed 
—-and, and if we were to examine the quantity that re* 
mains, we should find it consist chiefly of muriatic acid. 

The oxy-muriatic acid has been used to purify the 
air in fever hospitals and prisons, as it bums and desr 
troys putrid effluvia of every kind. The infection of 
the amall^x^x is likewise destroyed by tfiis gas, and mat« 
lerthat has b€ien subtnitted to it^ influence will no logger 
generate that disorder* 

QarQline, Indeed, I thjnk the remedy must be near* 
Jy as bad as the disease j the oxy-muriatic acid has such 
H dreadful suffocating smelh 

. . Mrs, B. It is certainly extremely offensive ; but, 
Iby keeping the mouth ^hut, and wetting the nostrils 
with liquid ammonia, in order to neutralize the vapour 
as it reaches the nose, its prejudicial effects may be In 
some degree prevented. At any rate, 'however, this 
mode of disinfection can hardly be used in places that 
arc inhabited. And as the vapour of nitric acid, which 
is scarcely less efficacious for this purpose, is not at all 
5)rejudicial, it is usually prefeiTed on such occasions. 

Amongst the compound^ salts formed by muriatic 
jicid; th# mumt t^^ocki} or common salt, is the most 
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interesting. The uses and properties of this salt are 
too well known to require much comment. Besides 
the pleasant flavour it imparts to the food, it is veiy 
wholesome, when not used to excess, as it greatly as- 
sists the process of digestion. 

Sea- water is the great source from which the muriat 
of soda is extracted by evaporation. But it is found also 
in large solid masses in the bowels of the earth, in Eng- 
land, and in many other parts of the world. 

Emily. I thought that salts, when solid, were al- 
ways in a state of crystals ; but the common table salt 
is in the form of a coarse white powder. 

Mrs, B. Crystallization depends, as you may recol- 
lect, on the slow and regular reunion of particles dis- 
solved in a fluid ; common sea salt is only in a state of 
imperfect crystallization, because the process by which 
it is prepared is not favorable to the formation of regu- 
lai* crystals. But, if you melt it, and afterwards eva- 
porate the water slowly, you will obtain a regular crys- 
tallization. 

Muriat of ammonia is another combination of this acid, 
which we have already mentioned as the principal 
source from which ammonia is derived. 

I can at once shew you the formation of this salt by 
the immediate combination of muriatic acid with ammo- 
rda.— These two glass jars contain, the one muriatic 
acid gas, the other ammonracal gas, both of which are 
perfectly invisible — now, if I mix them together, you 
see they immediately form an opaque white cloud tike 
smoke. If a thermometer were placed in the jar in 
which these passes are mixed, you would perceive that 
some heat is at the same time produced. 

J&mUy, The effects of chemical combinations are, 
indeed, wonderful— how extraordinary it is that two in- 
visible bocKes should become visible by their union. 

, iWr*^B. This strikes you with wonder because it is 

•; a phenomenon which natiu'e seldom exhibits to our 

view ; but the most common of her operations are as 

wonderful, and it is their frequency only that prevents 

our regarding thcni with equal admiration. What 
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vrould be tnore surprising for instance, than combus- 
tioHj were it not rendered so familiar by custom ? 

Emily. That is true. — But pray, Mrs. B. is this 
white cloud the salt that produces ammonia ? How dif- 
ferent it is from the solid muriat of ammonia which you 
once shewed lis i 

Mra. B, It is the same substance which first ap- 
pears in the state of vapour, but will soon be condens- 
ed, by cooling against the sides of the jar, in the form 
df ^ery mmute crystals. 

' We may now proceed to the oxt/'inuriats. In this 
class of salts the djry'?nuriat of fiotaah is the most wor- 
thy of our attention, for its striking properties. The 
acid, in this state of combination, contains a still great- 
er proportion of oxygen than when alone. 

Caroline, But how can the oxy-muriatic acid acquire 
an increase of oxygen by combining with potash ? 

Mrs. B. It' does not really acquire an additional 
quantity of oxygen, but it loses some of the muriatic 
acid, which produces the same efiect, as the acid that 
remains is proportionabfy super-oxygenated. 

If this salt be mixed, and merely rubbed together 
with sulphur, phosphorus, charcoal, or indeed 9nj 
other combustible, it. explodes strongly. 

Caroline, Like gunpowder, I suppose, it is sudden- 
ly converted into elastic fluids ? 

Mrs. B. Yes ; but with this remarkable differeocct 
that no increase of temperature, any further than is 
produced by the gentle friction, is required in this in- 
stance. Can you tell me what gasses are ^aerated 
by the detonation of this salt with charcoal ? 

Emily, Let me consider. . . . • . The oxy miuri- 
atic acid parts with its excess of oxygen to the char- 
coal, by which means it is converted into muriatic acid 
gas; whilst the charcoal, being burnt by the oxygen, 
is changed to carbonic acid ga&— What becomes of the 
potash I cannot tell. 

. Mrs. B. That is a fixed pixsduct which- remains in 
tlie vessel. " 

Caroline, But since the potash does not enter into 
the new coml»nations, I do not understand of what use 
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his in this operation^ Would not the 03ty*miiriatic 
acid and the charcoal produce the same effect M^ithout 

It ?  

Mr9. B. No ; because there would not be that very 
great concentration of oxygen which the coi* bination 
^Yiiih tlie potash produces, as I have just explained. 

I mean to shew you this experiment, but I*would ad- 
vise you not to repeat it alone ; for if care be not taken 
lomix only very small quantities at a time, the detona- 
tion will be extremely violent, and may be attended 
with dangerous effectsv You see I mix an exceedingly 
small quantity of the salt with a little powdered charcoal^ 
in this Wedgwood mortar, and rub them together with 
the pestle— 

CaroUne, Heavens 1 How can such a loud explosion 
"be produced by so small a quantity of iftiatter ? 

Mrs, B. You must consider that an extremely small 
quantity of solid substance may produce a very great 
Volume of gasses ; and it is the sudden evolution of 
these which occasions the sound. 

Bmiy. Would not oxy*mumt of potash make strong- 
'er gunpowder than nitrat of potash ? 

Mrs. B. Yes ; but the preparation as well as the 
tise of this salt, is attended with so much danger^ that 
it is never empoy^ for that purpose. 

CoToUne, There is no cause to regret it, I think ; 
for the cemnKHi gunpowder is quite sufficiently destruc- 
^ve. 

Mrs. B. I lean shfew you a very curious experiment 
Vith this salts but it must again be on condition that 
you will never attempt to repeat it by yourselves. I 
throw a small piece of phosphorus into this glass of wa- 
ter ; then a little oxy-muriat of potash ; and, lastly, I 
pour in, by means of tliis funnel, so as to bring it in 
contact with the two other ingredients in the bottom of 
the glass, a small quantity of sulphuric acid — 

Caroline. This is indeed, a beautiful experiment ! 
the phosphorus takes fire and bums from the bottom of 
the water. 

Endly, How Wonderful it is to see fiame bttrstii[)g 

V 
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out tinder vater, and riong through it t ^!Pray^ liow i» 
thh accounted ibr? 

Mr9. B. Camiotyoufinditout, Caiipline? 

^mi^y. Stop*«.I thmk I can exphdn it* Is it Bot 
because the sulphuric acid decomposes; the salt by com- 
bluing wiUi the potash, so as to liberate >the oxy-muri* 
atic acid gas by which the phosphorus isset <»ffire i > 

Mrs. B. Very well, 'Emily ; and with a littie more 
reflection you would have discovered another concur* 
ring circumsfiance, which is, that an increase of tem^ 
perature is produced by the mixture of the sulphuric 
acid and water, which assists h^promodng the comba&- 
tion of the phosphorus. 

We ha.yfe now examined such of the acids and salts as 
I conceived would appear to you most interesting.-^ 
I shall not enter into any particulars respecting the 
n^etallic addst as they offer nothin|; sisffideKitly strike 
ing for our'present purpose. tS 



Contiftiittiea xvjl 
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On the naiur^andxfmpmtknqfveg^faSkt^ 



Wis have hitherto treated only df the shnplest com« 
binations of elements^ sUch as oxyds, actds, compound 
«ahs, stones. Sec. all of which belong to the mineral 
kingdom. It is time now to turti our attention to a ttiott 
complicated class of compounds, thai of Obganizbo 
BooiKs^ which will fhmish 4is with a new source of in* 
fttructlon and amusenient» 

Erniiy, Py orgawixed bodies, I suppose youmeasr 
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4ie iregetable and. anitiml prjeatioii ? X have, kowever, 
but a very vag^e idea of the word orgamzafioriy and I 
have often mshed to know more .precisely what it 
«ieans^ 

.Mrs, J9.. Organized ))ode$ are such as are endowr 
ed by nature wi^. various parts^ pecdiarly constructed 
and adapted to pecform certain functions connected 
with life. Tl^us you may ol>serv^, that mineral com« 
^unds are formed by the simple i^&ci of mechanica} 
jor chemical atti^ction, and may appear to some to bej 
in a ^-reat measure^ ,the ]»oductiQns of chance ; whilst 
i^jFganized bodiiss b4$ar.t{ie most striking marks of de* 
jHgn, and are eminently distinguished hv that unknown 
principle called H/e, from \17hich the various organs de# 
r|ve the power of exerdsing their respective functions, 

CaroUnc^ But in what n^anner cbes life enable these 
4)rgans to p^Corm their several functions ? 

Mrs, B. That Is a inystcry .which, Ifiear, is enveir 
0ped in too pnofound darlcness for m to hope that we 
^hall ever be able to upfold it. We must content our? 
selves with examining the effects of this principle ; as 
|br the cause, we have be^n able only to give it a name, 
without attaching any other meaning to It than the vagpiie 
and unsa^s&ctory idea of an unknown agent. 

Caroline. MA yet I thii^ I can form a v^ry clear 
Jdeaofli^. 

Mn. B^ Pray ictus hear how yeu would define it* 

Car6Sne, It is perhaps mor^ easy to conceive than 
to express— let mexonsider— Isnot life the power which 
enables both the animal and vegetable creation to pei> 
form th§ various funct|onB which nature has assigned to 
them? 

Mrs. B. I have nothit^g to object to you definition ; 
Ikit you will allow me to observe, that you have only men.-?" 
tibned the effects whicb thp unknown tausfi produceisr^ 
without giving ns ariy'iiotidn of the tause*itself. 

Emily* Yesj Carolipc, you have told *us what 11^ 
dpea^ but you haye not told us wtatitw. / . _ j' 

5. Mrs. B, We may. study its operations, but i^shouM 
puzade ourselves to no purpose by atle;|npt|ng tQ ^jp(2 
IIDJ4^ pf }t%rpal liatqfCe » 
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We shall begin with exatnining its effects in the Y^g 
etable worlff, which constitutes the simplest class of 
organized bodies ; these we shall find distinguisbed 
from the mineral creation, not only by iheir more com-p 
plicated nature, but by the power which they possess 
within themselves, of forming new chemical arrange*/ 
ments of their constituent parts;, by mfeans of appro- 
priate organs. Thus, though all vegetables are ulti- 
mately composed of hydrogen, carbone, and oxygen, 
(with a' few other occasional ingredients), they separate 
and combine these principles by Iheif various o]%ans 
in a thousand ways, and form with them, different kinds^' 
of juices and' solid parts, which exist reudy mafde in * 
vegetables, and may, therefore, be considered as their 
itQmediate materials. 



These are : 




• ^ 


Redm^ 


Mucilage 


Gum Resin*^ 


Sugar<i 


Balsams, 


Fecuiay 


Caoutchouc^ 


GliUeriy 


Mxtractive colouring mutteTf 


' Fixed Oil, 


Tannin^ 


rolatUeOily 


Woody jPtbrCf 


Camphor^ 


Vegetable jldds^ ^c» ' ^ 



CaroHne, What a long list of names ! I did pot sup«t^ 
pose that a vegetable was composed ^f half so many 
mgredients. ^ 

Mrs. B. "Kou ipust not imagine tliat every one oC: 
tbese materials js fornved in^each individual plant. .• X 
Qply nieaQ to say, that»th^y are. ^ derived exclusiv^. 
from the vegetable kingdom. . . '. 

JEarMy. But. does each particul^a* part of tfe^ pladt^- 
«uch as the root, the bark, the stem, the seods, th|^ 
leayips, cqpsist of one of thesp ingredients pnlyj .qi\of 
ft^veraliof theni combined together ? . , . 

Mrs. -Q. I believe there is no part of a plant which 
can%be said to consist solely of any qne particular inif 
gredient ; a certain number of vegetable materials 
must always be combined for the formation of any par- 
ticular, part, (of a seed, fo,r instance), and these com? 
toations are carried on by seU of vessels, or mmijt^ 
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«fgvis» nfblDh select from other parts, mid bring 1^ 
geAer, the several piiociples required for the develope* 
uient ^d grofvrtb of those particular purtt which the^^ 
lire btended to iorai and to luidntain. 

Emily ^ And ari^ net these cQinlftnatioiis always reg^ 
i|}ated by the laws of chemical attraction i 

Mr%^ B. ^ No dottbt ; the ot^^ons of' plante cannot 
force principles to combine that have no attraction f^ 
4pach other; nor pf^they con^l superior iattracdons 
toyieldto those p£ln&iiQr power; they probs^: act 
t^}sm mecbaofcaUjr, by biingiiig into contact such prin* 
lapleS) and in such lu-opiKtionst as will by their chemi* 
Ml comlunatHm, Ibrm 4)e vaiious vegetable psoducts* / 

QanSm^ We maf thtnn connidereacb of these orir 
gans as a curiou^ constructed apparatus, adapted Ibf 
ihe performance of a wiety of chemical processes.* 

Mr»^ Bl EiEactly ao^ As long as the plant Uvea and 
thrives^ thecarbone^ hydrogeb> ai^oxygeii^ (the chief 
constituents of it(^iil»xiectia<i9 meteHal^)' are sobaiano 
ed and confiected together, that they are not susceptible 
of entec»|gintQ«iiherco]x^biaationsi but no sooner does 
4eath take place, than this state of equiSbrium Is de^ 
^troyed, and nevr <3(»n^iiatloils produced. 

Rmi!^^ But why should dea;^ destroy it ; for tiiefl^ 
principles must r^maip in the «ame proportions, s^ 
coDse^nentlyi I ^Mdd 9u{>poee> in the sanie oj^erof 
^tU^cHona? 

iM^A, A Vou must remember, that in^^the vegetti* 
ble} as well as in the animal kii^;dbm, it is by th^pfin* 
<dple of Uft that the orgim9 are enabled to »^ ;. when 
deprived of thai agent or stimukis, their powert:eatos» 
dnd an order of attractions aucceeds similar to that 
nvhtcbweiiddtake place So mtn^sd or unorganised mat*> 
i^er, 

Jlmcd/4 It is this nev drder of attraedohs, I «ipk 
pose, that destroys the orgamzaticm of the plant a^^ 
(£^tb ; fo^ if the same oombi!i^atien& s^il ccMa^nued to 
IHievait, the plant would always remain ki the state in 
which it died. 

Mrz.B. And that you know is never flie case ; 
plants may be partially preserved for some time afier 
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deiith, by drying; butinthe naturid course of events thef 
all return to the state of simple elements ; a vrise an^ 
admirable dispensation of F^ovidence^' by which dead 
plants aFe rendered fit to enrich the soil, and become 
subservient to the nourishment of living vegetables. 

Caroline. But we are talking of the dissolution- of 
plants» before we. have examined them in their living 
state. 

Mn, B. That is true, my dean But I wished to 
give you a general idea of the nature of vegetation, be^ 
K)re we entered into particulars. Resides, it is not so 
irrelevant as you suppose to talk of vegetables in their 
dead state^ since we cannot analyse them without de^ 
stroyjnglife ; and it is only by hastening to submit 
them to examination, immediately after they have ceas- 
ed to UvO} that we can anucipate their natural decompOr 
sition. There are two kinds of analysis of ^iph veg- 
etables are susceptible ; first, that which separates 
them into their immediate materials^ such as sapvreidi^ 
mucilage, &c. 2dly, that which decomposes them in? 
to their primitive elements, as carbone, hydrogen, and 
.oxygen. 

Endly. Is there not a third kind.of ^maly^ of plants 
;which consists in separating their various parts, as the 
steni, the leaves, and the several organs of the flower I 

Mrs, B. That) my dear, is rather the departmeni 
of the botanist : we shall consider these different parts 
4>f plants, only as the organs by which the various.se- 
xretions or separatioiyt are performed ; but we inus^ 
.first examine the nature of these secretions. 

The 9afi maybe considered as the principal material 
of vegetables; since it contains the ingredients that 
nourish every part of the plant. The basis of tfeis 
juice, which the roots suck up from the soil is water ; 
Ihis holds in solution the various qther; ingredients re-, 
(pui^ed by the several part? of the pliant, which ai% grad- 
ually secreted from the sap by the dii^erent organs ap<> 
propriated to that purpose, as it passes through theni^ 
in circulating through the plant. 

Mucus or muciiagey is a vegetable substance,, which, 
like all the others, is secreted from the sap ; when m 
excess, it exudes from trees iq the form of gum^ ' 
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• ' CatoUne. Is that the gum so frequently used inste^^ 
^ paste or glue ? 

Mrs, B, It is ; almostall.fruit-tre^s yield some sort^ 

of gum, but that most (^ommonly used in the arts i^ ob-.. 

tained from a species of ac^gia-tree in. /i^bia, .and ia 

called gim jlrabic ;. it fprms the chief nourishment of 

the natives of those parts, who obtain it in great quai)'. 

titles from incisions which they make, in the trees* 

Qaroiine. I did not knoi^ that gum was stable., 

Mrs. B, I should not imagine, that it would-be eith*. 

era pleasant gx -a particolarly elegible.diet to those who, 

have not, frpm their birth, been accustomed to it. It 

-is, however, frequently taken medicinally, and considi. 

ered as very nourishing. • Several kinds of vegetable 

acids may be obtamed, by particular processes, from, 

gum or .mucilage, the principal of. which is called the. 

mucoiis acid, 

Sugar is not found in its simple state in plants, but 1% 
always mixed with gum, sap, or other ingredients ; it 
]s to be found in every vegetable, but abounds most iti 
roots, fruits, and particularly in the sugar-cane. 

Endly, If all vegetables contain sugar, why is it ex« 
tracted exclusively from the sugarcane ?. 

Mr8,B, Because it it both most abundsmt in that 
plant, and ipost easily obtained from it* * - 

" During the late troubles in the Westrlndies, whea 
Europe was but imperfectly supplied ^ith sui?ar, seve-v 
ral attempts were made to extract it from, other vege* 

' tables, and very good sugar was obtained from parsmpa 
and from carrots ; but the process was too expensive. 

' to carry this entei pize to any extent. 

Caroline, I should think that sugar might be more, 
easily obtained trgm sweet fruits, such as figs, dateS) 
kc. 

Mre^ B, Probably ; but it would be still more exr 
pensive, from the high price of those fruits. 

Endly, Pray in wh^t manner is.sugar obtained froni 
tlie sugar-cane ? 

Mrs. B. The juice of thi^ plant is first expressed 
by ^passing it between two cylinders of iron. It is thea 
boiled v^ liipe n^ater^ whiph makes^ a thick acum riao 
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Hi the surEice. The clarified liquor it let olf bdbw 
and evaporated to a very smal) quantity,, after nvhich i| 
1ft auffisred to crystalize \>f «taiidmg in a vessel^f the hot- * 
torn of which ia perforated "^ith ho}eS| that are irapeT* 
frcUy stoppedi in order that th^ syrup may drain off^ 
The fliqgar obtained by tlus process is a<:oarBe brown, 
powder, conunonly called raw pr moist i^ifar; itunder^ 
goes another m>eratifm to be relied and converted lata 
loaf sugar* Fpr this purpose it is dissolved in waler^ 
and afterwards purified by an animal fluids called albu* 
Ykien. White of eggs chiefly consist of t{4s.fiuid> which 
|s also one of the constituent parts of blood ; andcon^^ 
■equently eggs, or huliock's blood) are comxnciily use4 
Sot this puq^ose. 

The albuminQus 9xM heihg d^sed through ih^ 
•ynip) CQiplunes with aU the solid itnpurities contained 
in it, and rises wi^th thpm to the surface, wh^e it formsi 
.a tl^k scuiQ ; the clear Uquor Is then s^gain evaporate<{ 
to a praiper copsistenc^ and poimd Mo moulds, m 
which, fay a confused chrystalhita^n, it fo|tns loaf su^ 
gar. But an additional process is requir^ to whiteQ 
It; to this effept the mcnddis inverted, said its open 
base is covered with clay, tlu'ottgh whkh water is made 
to pass ; the water slowly trickling through the sugari. 
ooBBbbet wi^ apd cait^ ofi* the dpiouring matter. ' 

CaroUne. I am very glad to hear that the blood that 
is used ta purify ^i^ doos- not rema^iinlti it would 
^ adisgusting id^a* 

JSmify. And pray howis suigar^candj and itarleyHsu/i 
garprepar^; • 

Mre. B. Candied sugar is nothing more ^an th^ 
regular ^ryst^s, obtained by slow evaporation from a 
solution of sugar. Barley sugar i^'4$^ iiaeltW 1^^ 
keat, aiid siterwards coqled: in lifio^^orw^i^l IcA^^ 

^ugior may be deaxmpos^d by a J^d h^iit ;^ and, iSA 
all other vegetable subst^U>ces, resolved into ^ott^dnic 
acid and hydrogen. Thii formation and the deoomp^^ 
itai of sugar afford isnany very interesting particulars, 
which we shall fully examine after having gone through 
4ftie other materialsrof ^vegetablesvr-^We shall find theroi 
IM]ea«on to suppose >tbat sugar is not» like the oilier 
mtfriiaJsir sepreted from th^ sap by appropris^^ org^si^ 
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Vu;t that it » formed by a peculiar process with whick 
ydu are not yet acquainted. 

QaroUne. Pray i? not honey of the same nature a»; 

Mre. B, Honey is a mixture of sugar and gum.. ^ 

Eimly, I thought that honey *was in some measure, 
an animal substjance, as it is prepared by the bees. 

Mn.B, It is rather collected by them from flow*-, 
ers^ and conveyed to their storehouses, the hives. — It[ 
is'the wax only ths^ undergoes a real altjpration in the*, 
body pf the bee, and is thence converted into an anir ^ 
mal substance. 

Errdly, Cannot sygar be obtabed fromjioney, since^ 
it is so simple a compound ? * 

Mrs, B. No mode has yet been discovered to ef- 
fect this : it is supposed, however, to have been done* 
b)^the ancients, who were unacquainted with the sugar 
ijanc, but th^ process' is now unknown. 

Manna is a compound Qf sugar, gum, and a nau-. \ 
seous 'extractive matter, to which last i^ owes its pc-. V 
culiar taste arid colour. It exudes like gum from vari- "^f^ 
ous trees in hot climates, some of which h^ive their. ^ 
l^ves gla:^ed by it. ^ ^ 

The next of the vegetable materials by^<ru/!qf.) this Li; 
the general name given, to. the farinaceous substance 
contained in all Seeds, and in some roots, as the potato,^ 
parsnip, 8cc. It is intended by nature for the first ali-. 
Bient of the youn^ vegetable ; but that of one particular^ 
grain is become a fevoprite and most commo^^'fbod of 
a large pan of mankind. 

Emily. You allude, I suppose, to bread, which ia. 
mfide of wheat-flour ? 

,Mr8, B. Yes. The fecula of wheat contains also^'' 
anotfier vegetable substance which se^ ms peculiar to. 
that seed, or at least has not as yet been obtained froni. 
any other. This is gluten^ which is of a sticky, ropy, 
elastic nature ; and it is supposed to be owing to th^«' 
vicious qualities- of this su^tance, that wheat flouf 
forms a much better pastethan any other. 

'Emily. Giuten> by your description) mtist b^ 'Tgrv* 
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Mr: B, In their sticky nature thfty certainly liavf*- 
flome resQniblance ; but gluten^isessoiitially different 
Urora gum in other points, andvespeciallf in its being 
Insoluble in watpf, whilst gum you know is ^^tnemelsft 
soluble. 

The ittikcontaped in regetables all consist of liydroT 
gen an4 carbone in various prpnprtions. Th^y are of 
tW9 IdndSf fixed and vol^tilcy both oi which ;w# iormerr 
fy menU^oed. Do you remember in what th(p diS^rir, 
If n^ hetween fixed and volatile di consists f | 

^ Embf. If I recollect right) the former ans decern? 
]»osed by heat, whilst th# latter arp merely volatilized 
iyit 

Mtm, B, , Very well^ Hxed o&l is contained only 
in the see43 of plants, excepting in the Qlive^, in which. 
it is produced, and expressed from the friiit. Wcf 
have already pbserved that seeds contain also fecula \ 
these two'siibstances, united with ft Httje muqlag^ forn| 
Ute white substance contained in th^ Sfseds or kernel^ 
l)T plants, and is destined ft>r the nourishm^t of th^, 
youpg plant, to which the seed gives Inrth. * The mil^ 
0' almonds, which is expressed fix>m the seed of. that ; 

pame, is composed of these three substances. • ' / \ 

Emily. Pray of what nature is the linseed oil whic]^ 
^usedinpaimmg? .,'..' 

Mrt* B. 1$ is a ^xed qjl qibtaiqed froni tb€^ seed of 
flax. Nut oiif which is frequently used fiarthe sam*T 
purpose is expressed from walnuts. 

. Olive ^il is th%t< which is best adapte.d to cidinaji^ pure* 
poses. 

. Csro&ne. And wh^t are the^oiis used tib)r burdng i^; 

Mn. B. Animal oils most cqntmpnly ; but tb^ 
ppe&rence given to ^em is owing to their being less ^ 

^^spen^ve ; isa yeg^table oils hum equally well, and-- 
are more pleasant^ ae thdo* smell isnotoffensiye. at 

Mmify» Since oil is so good a* combustible,- what is 
the reason that lamps so freqnently require trimming ?> 

J^9, B, This' sc^metimes proceeds from the cont- 
fttructlen of the ismp^ which may not be sufiicieiit^ 
favoarahle' to a pcrfii^ combustion ; bat thei'e it^'ittt^ 
toinly a defect in the i^ure of qU itself, whi^TiwdlW- 
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It tiecraoary &fr ihc best xcniBtructed IsLitipi to be otea« 
^dnadly tmiimed. This defect arises from a portion 
«f tnoeilage Wbich it is extremely difiiouh to separate 
lh>m the oil, land which' being a bad xonilMistible, 'ga^ 
thers round the wick, and thus impedes its eombiatiaiiy 
and consequently dims the light. 

' CaraSne, But will not oils bum without-a^ivick t 

Mrs, B. ' Not unle's^ their temperature be elevated 
to iOOo ; the Mrick answers this purpose, as I think I 
once before explained to you. The oil rises between 
the fibres of the cottdn by capillary attracuon, and the 
beftt ef the buniing wick volatilizes it, and brings k 
successively to the temperature at which it is combus« 
ible. 

* Endly. I suppose th6 explanadon which you have 
^ven with regafd to the neces^ty of trimming lamps, 
applies also to candles which to often require ^miffing ? 
' ^rs. B, I believe it do^s; at least in some degree. 
But besid^ the drcdmtftance just ex|»lained, the com- 
mon sort of oils are not vecy combustible^ so thiit the 
lieat produced by a candle, wljich Is a coars^ kind ol 
animal oil, being insufficient to volatilize them con^ 
pletely, a quantity of soot is gradyally depodted on the 
wick, which dims the fight and retards the combustion. 

^ Cdrolme. Wax candles * then contain no incombusti* 
ble matteri since they do not require snuffing ? 

Mrs: B. Wax is a much better combustible thaij 
tallow, but still not perfectly 'so, smce it likewise con- 
tains some particles that are unfit for burning ; it)Ut 
when these gather round the wick (which ih a wast 
light is comparatively small) they weigh it down* on 
one side, and fall Off together with the burnt i^rt of 
tbe wick. 

. Caroline* As oils are such good combustibles, I won* 
der that they should require so great an elevation of 
temperature iiefore they beghito bum, * ' ' 

Mrs. B. Though fixed oils will not enter inta itctual 
combustion below the temperature of abocft^ooo, yet 
they will slowly absorb oxygen at the common tempe* 
mtweof the atmosphere. Hence arises a variety of 
changes b oils which mo<fify their properties-and uses 
it^ the gits. 
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t| <m1 amply absorbs, and combines with oxf gtn, ft 
thickens and changes to a kind of wax. This change 
is observe^ to take place t)n the external parts of cep* 
tain vegetables, even during their life^ But it happens 
in many instances that the oil does not retain all the 0x7^ 
gen which it attracts, but that part of it combines with^ 
or bums the hydrogen of the oil, thus forming a quan-* 
tity of water which gradually goes off by evaporation. 
Ih this case the alteration of the oil consists not only in 
the addition of a certain quantity of oxygen^ but in the 
diminution of the hydrogen. These oils are distin^* 
guished by the name of drying oiU^ Linseed, poppy, 
and nut-oDs are of this descripitom 

Endly, I am well acquainted with drying oils, as I 
continually use them in painting. But I do not under* 
stand why the acquisition of oxygen on one hand, and 
loss ot hydrogen on the other, should render them dry- 
ing? 

Mn, B. This I conceive, may arise froni two rea- 
sons ; either from the oxygen which is added being less 
•favourable to the state of fluidity than the hydrogen, 
which is subtracted ; or from this additional quantity of 
oxygen giving rise to new combinations. In ccHisequenoe 
of which the most fluid parts of the col are liberated and 
volatilized. 

For the purpose of psdnting, the drymg quality t>f oil 
is &rther increased by adding a quantity of oxyd of lead 
to it, by which means it is more rapidly oxygenated.* 

The rancidity of oils is likewise owing to theilr oxy» 
genation. In this case a new order of attraction takes 
place, from which a peculiar acid is formed, called tha 
§ebacic acid. 

Caroline. Since the nature am! composition oi oil is 
so well known, pray could not oil be actually nuaiej by 
combining its principles ? 

Mr9. B. That is by no means a necessary conse- 
quence ; for there are innumerable varieties of com- 
pound bodies which we can deiiompose, although we 
are unable to reunite their ingredients. This, bowev* 
cr, is not the cahe with oil, as it has very lately been 
discovered, that it is possible to form oil, by a peculiar 
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pjx)cess, from the action of oxygenated Hiuriadc acid 
Ifas on hydro-carbonate. 

"We now pass to the volatile or essential oita. These 
Ibrm the basis of all the yegetable perfumes, and are 
contained, more or less, in every part of the plant ex- 
cepting the seed ; they are, at least, never found in 
that part of the seed which contains the embrio plant. 

Emily. The smell of flowers then, proceeds from 
volatile oil ? 

Mrs, B. Certainly ; but this oil is often most abun^ 
dant in the rind of fruits, as in oranges, lemons, &c. 
from which it may be extracted by the slightest pres- 
sure ; it is found also in the leaves of plants, and even 
In the wood. 

Caroline. Is it not very plentiful }n the leaves of 
mint, and of thyme, and all the sweet-smelling herbs ? 

Mrs, B. Yest remarkably so ; and in geranium 
leaves also, which have a much more powerful odour 
than the flowers. 

The perfume of sandal tos is an instance of its ex- 
istence in wood. In short, all vegetable odours, or per- 
fumes, are produced by the evaporation of particles of 
these volatile oils. 

MtnUy. They are, 1 suppose, very light, and of very 
thin consistence, since they are so volatile i 

Mrs. B. They vary very much in this respect, some 
of them being as thick as butter, whilst others are as 
fluid as water. In order to be prepared for perfumes, 
or essences, these oils are first properly purified, and 
4hen either distilled with alcohol, as is the case with lav-^ 
ender water, or simply mixed with a large proportion 
©f water, as is often done with regard to peppermint. 
"Frequently also, these odoriferous waters are prepared 
merely by soaking the plants in water, and distilling. 
The water then comes over injpregnatcd with the vola- 
tile oiL 

Caroline. Such waters are frequently used to take 
spots of grease out of cloth, or silk ; how do they pro- 
duce that eflect ? 

Mrs. B. By combining with the substance that 
forms these stauis ; for volatile oils dissolve wax, tallow, 
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^permacedy and resins ; if therefore the spot proceeds 
from any of these substances it will remove it. 

Insects of all kinds have a great aversion to per<- 
fumes ; so that volatile oils are employed With success 
kk museums for the preservation of stdfied birds and 
other species of animals. 

Caroline. Pray do6s tiot the powerful sfnell of cam- 
phor proceed from a volatile ml ? 

Mrs, B, Camphor seems to be a substance of its 
own kind, remarkable by many peculiiarities. But if 
not exactly of the same nature as volatile oil, it is at 
least very analogotts to it. It is obtained chiefly from 
the camphor tree, a species of laurel which grows in 
China, and the Indian isles, frotn the stefn and roots of 
which it is extracted. Small quantkfes have also been 
distilled from thyme, sage^ and other aromatic plants \ 
and it is deposited in pretty large quantities. by some 
volatile oils af^er long standing.* It is extremely vola** 
tile and inflammable. It is insoluble in water, but is 
soluble in oils, in which statCvaswell as in its solid 
form, it is frequently applied to medicinal purposes^ 
Amongst the ' paiticular properties of camphor, there 
is one too singular to be passed over in silence. If yott 
take a small piece of camphor, and place it on the sur-> 
£iice of a bason of ptire water, it will immediately begin 
to move round and round with great rapidity ; but if you 
pour into the bason a single drop of any odoriferous fiu<> 
id, (it will instantly put a stop to this motion. You can 
at any time try tlus very simple experiment ; but yon 
must hot expect that I shall be able to account for this 
phenomenon, as nothing satisfactory has yet been ad« 
vanced for its explanation. 

CatUine, It is very singular indeed ; and I will cer** 
tainly try the experiment. Pray what are re^ins^ wliick 
you just now mentioned ? 

Mrs, B, They are volatile oils, that have beeit act- 
ed on, and peculiarly modified, by oxygen. 

Caroline, They are, therefore, Oxygenated volatile 
oils. 

Mrs. B. Not exactly ; for the process does not ap^ 
pear to consist so much m the oxygenation of the oili 
as in the combustion of a portk^n of its hydrogen, and 
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^ Bmall portion of its carbone. For when resins are 
artificially made by the combination of volatile oils with ' 
.oxygen, the vessel in which the process is performed 
is bedewed with water, and the sdr included within is 
loaded wit^xCsirbonic acid. 

Endly, This process must be, in ^ome respects sim- 
ilar to that fcr preparing drying oils. 

Mra, B, Yes ; and it is by this operation that both 
^f .them acquire a gijeater degree of consistence. Pitch* 
tar, and tyrpentincv are the most common resins ; they 
^xu4e from 4he pine and fir trees. Gopal^ mastic, an4 
frankincense, are abo pf tliiis class of vegetable suhr 
^stances. 

Emly. Is it qf these re^^s that the mastic and cor 
pd\ varnishes, so much used in painting, ar,eniade ? 

Mrs, B, y.es. pissolved either in oil or in alcohol^ 
l*esins forni varnishes. From these solutions they may 
be precipitated by water, in which they are insoluble. 
Xhis I can easily shew ygu. If you will pour some 
water into this glass of mastic varnish, it will combine 
jrith the alcohol |n which the resin is dissolved, an4 
the latter will be precipitated in the form of a white 
^ploud-^ 

Eimly, It is so. And yet how is it that pictures or 
jkawings, vamislj^^d with this solution, may safely be 
washed iw^th water. 

Mrs, Bf As the varnish dries, the alcohol evapo- 
rates, and the dry varnish or resin which remains, ngC 
J)eing soluble in water, will nqt be acted on by it. 

There is a class of compound resins called ^wmrt^ 
««», which are precisely what their name denotes, that 
is to say, renins combined with mucilage. Myrrh and 
' ,assaf(£tida ace of this description. 

Garotfwe. Is it possible that a substance of so disa- 
greeable a smell as assafoetida can be formed from a 
volatile oil ? 

Mrs. B. The odour of volatile oils is by no means 
always grateful. Oniqns and garlic derive their smell 
Jrom volatile oils, as well as roses and lavender. 

There is still another form under which volatile oilii^ 
present themselves^ which is that of d^^som^.— rThesf 
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^ consist of resinous juices combined witli a pecuHar acid, 
called the benzoic acid. Balsams appear to have been 
originally volatile oils, the oxygenation of which has 
converted one part into a resin and the other part into 
an acid, which, combined together, form a balsam ; 

' such are the balsams of Peru, Tolu, &c. 

We shall now take leave of the oils and their various 
modifications, and proceed to the next vegetable sub- 
stance, which is caoutchouc. This is a white milky 
glutinous fluid, which acquires consistence, and black- 
ens in drying, in which state it forms the substance 
with which you are so well acquainted, under the name 
of gum-elastic. 

CaroUne. I am surprised to hear that gum-elastic 
was ever white, or ever fluid I And from what vegeta- 
ble is it pixKured ? 

Mrs. B. It is obtained from two or three different 
■pecies of trees in the East Indies, and South Ameri- 
ca, by making incisions in the stem. The juice is col- 
lected as it ti'ickles from these incisions, and moulds of 
clay, in the form of little bottles of gum-elastic, are 
dipped into it. A layer of this juice adheres to the 
clay and dries on it ; and several layers are successive- 
ly added by repeating this till the bottle is of^suflicient 
thickness. It is then beaten to break down the clay, 
which is easily shaken out.-~«The native^ of the coun- 
tries where this substance is produced, sometimes 
make shoes and boots of it by a similar prpcess, and j 

they are said to be extremely pleasant and serviceable, ' 

both from their elasticity, and from their being water- 
proof. 

The substance which comes next in our enumeration 
of the immediate ingredients of vegetables, is extract 
five 7nattei\ This is a term, which, in a general sense, ] 

may be applied to any substance extracted from vege- 
tables ; but it is more particularly understood to relate 
to the extractive colouring inatter of plants. A great 
variety of colours are prepared from the vegetable 
kingdom, both for the purposes of painting and of dy- 
ing ; all the colours called lakes are of this descrip- 
tion : but they are less durable than mineral colours^ 
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for, by long exposure to the atmosphei^) they either 
darken or turn yellow- 

Emily. I know that in painting the lakes are reck*^ 
X)ned far less durable colours than the ochres ; but what 
is the reason of it ? 

Mrs, B. The change which takes place in vegeta- 
ble colours is OY^ng chiefly to th^ oxygen of the at- 
mosphere slowly burning their hydrogen, and leaving 
4n some measure the blackness of the carbone expos- 
ed. Such a change cannot take place in ochre which 
is altogether a nvinersyi substance. 

Vegetable colours |iaye a stronger affinity for apima} 
rthan for vegetable substancei^, and this is supposed to 
jbe owing to a small quantity ipf nitrogen which they 
•iE^ntain. Thus, silk and worsted will t£^e a much finer 
vegetable 4ye than Unen an4 cotton. 

Q^irqUn^, iQlyeing, then, 4s quite a chemical pro- 

Mrs, B. ^Uncjoubtedly. The condition required to 
^form a good dye is, that the flouring matter should 
tibe precipitated, or fixed, on the substance to be dyed, 
and should form a compound not soluble in the liquids 
to which }t will probably be .exposed. Thus, for in- 
stance, printed or dyed unens or cottons must be able 
to resist the action of so^p and water, to which they must 
necessarily be subject in washing; and woolens and 
silks should withstand the action of grease and acids, to 
which they may accidentally be exposed. 

QaroUne, But if linen and cotton have not a sufficient 
affinity for -colouring matter, how are they m*de to re* 
sistthe action of washing, which they always dowhe^ 
ithey are well printed ? 

Mra. B, When the substance tp be dypd has either 
no affimty for the colouring matter, or npt sufficient 
power to retain it, the combination is effected, or 
istrengthened, by the intervention of a third substance, 
called a mordmit^ or basis. The mordant must have a 
strong affinity both for the colouring matter and th^ 
substance to be dyed, by which means it causes tbeyiqi 
IQ combine and adhere together. 

J^rqlim* And what are tlie substances that perfprjn 
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the office of thus rcconcifing the two adverse parties ? 

Mr9. B. The most common mordant is sulphat of 
alumine, or alum. Oxyds of tin and iron, in the state 
of compound salts, are likewise used for that purpose. 

Tannin is another vegetable ingredient of greai im- 
portance in the arts. It is obtained chiefly from the 
hark of trees; but It is found also in nut-galls and in 
some other vegetables. 

Emily. Is that the substance commonly called tan 
which is used in hot-houses ? 

Mrs. -8. Tan is the prepared bark in which the pe» 
culiar substance, tannin, is contained. But the use of 
tin in hot^'houses is of much less importarKe than in the 
operadon of tannings by which skin is converted into 
leather. 

Emily. Pray, how is this operation performed ? 

Mr». B. Various methods arc employed for this 
purpose^ which all consist in exposing skin to the action 
of the tannin, or of substances containing this princi'» 
pie, in sufficient quantities and disposed to yield it to the 
skin. The most usual way is to infuse coarsely pow- 
dered oak bark in water, and to keep the skin immer- 
sed in this infusion for a certain length of time. Dur- 
ing this process, which is slow and gradual, the skin is 
Ibuad to have increased in weight, and to have acquired 
a conaderable tenacity anVl impermeability to waten. 
Tius effect may be much accelerated by using stron|^ 
saturations of the tanning principle (which can be ex- 
acted from bark), instead of -employing the bark it- 
fMilf. But this quick mode of preparation does not ap- 
pear to make equally good leather. ' 

Tannin is contained in a great variety of astringent 
vegetable substances, as galls, the rose-tree, and whie ; 
but 4t is no where so pl^tiful as in bark. All these 
substances yield it to water, from which it may be pre« 
cipitated'by a solution of isinglass, or glue^ with which 
it strongly unites and forms an insohible compound. 
Hence itsvalug^le property of combining with skin 
(which consists chiefiy of glue),^indt)f^nabiing it to re* 
«ist the action of water. 

^ EmUy. JVIight we not see that effefct by pouring a 
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little meUed isinglass into a glass of wine, ivhich yon 
say contains tannin ? 

Mrs, B. Yes. I have prepared a solution of isin* 
glass for that very purpose .p—Do you observe the thick 
muddy precipitate ?— That is the tannin combined with 
the isinglass. 

CaroUne, This precipitate m^t then be of the same 
nature as leather ? 

Mrs, B. It is composed of the same ingredients ; but 
the organization and the texture of the skin being wan- 
ting, it has neithier the' consistence npr the tenacity of 
leather. 

Caroline. One might suppose that men vs^ho drink 
large quantities of red wine, stand a chance of having 
the coats of their stomachs converted into leather, since 
tannin has so strong an afBnity for skin. 

Mrs. B, It is not impossible but that the coats of 
their stomachs may be, in some measure, tanned, or 
hardened by the constant use of this liquor ; but you 
must remember that where a number of other chemi* 
:csil agents are concerned, and^ above all, whei% life 
exists, no certain cheimcal inference can be drawn. 

I must not dismiss this subject, without mentioning 
a very recent discov-ery of Mr. Hatchett which relates 
to it This gentleman found that a substance very sim« 
liar to tannin, possessing allits leading properties, and 
actually capable of tannings leather, may be produced 
h^, exposing carbone, or any substance containing car* 
bonaceous matter, whether vegetable^ ^nima], or min* 
er^I, to the action of nitric acid. 

Caroline^ And is i3ot this discovery very lik«ly to bo 
Df gr^at use to manufactures i 

Mrs, B, That is i^ery doubtful ; because tannin, 
thus artificially prepared, must probably always be moce 
expensive tluui that which Is obtained from bark. But 
the £act is extremely -curious, as it affords one of those 
very rare -instances -of chemistry being able toamhate 
the proximate ;principle^ of organized bodies^ 

The last -of the vegetable materials is ^oodyjl^e^ 
it is the hardest part>of {^its. The ^cliief sounce &Qaa 
f^pb this spibstance Js derived is^vroiodf tut it is ;aSm 
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<eontanedf more or less, in every soM part of the plant. 
It forms a kind of skeleton of the part to which it be- 
long;s9 and retains its shape after all the other materi- 
als have disappeared. It consists chiefly of carbone 
united ivith a small proportion of salts an4 the other 
constituents common to all vegetables. 

Endly, It is of woody fibre, tt^en, that the common 
charcoal is made ? 

Mrs, B. Yes. Charcot, as you may recollect, is 
obtained froqi wood, by tliie separation.of aU its evapo- 
rable parts. 

Before we take I^ye o/ the vegetable materials, it 
will be proper, at least, to enumerate the several ve- 
getable acids which we either have had, or may have 
occasion to mention. I believe I have formerly told 
you that their basis, <^ radical, was uniformly ^ompp- 
.9ed of hydrogen and carbone, and that their difierence 
^consisted only in the vaacms propprtipns of oxygeQ 
which they contai|;i^d. 

The follpwing.are thenani^s of the vegetable acids : 

The Mucous Acidj pbtained from gum, or mudlage| 
Suberic^ - - frpm cork ; 
Camfihoricy - r r  from champbor ; 
Benzoic, - ^ - - from balsams ; 
CktUicj . - - - from galls, bark, &c. 
MaUc^ - - - .- from ripe fruits ; 
Citric^ - * - - from lemon juice :| 
Oxa&Cy ----- froni sgrrel ; 
^licdmcy - - - .- fFQm amber ; 
Tartarous^ r - - from tartrit of ;potash \ 
Acetic^ - r - - from vin^gaf. 

They are all decomposable by heat» ;aioltA>le in wa- 
iter, and turn vegetable blue colours red. The micchdc, 
4he tartarotUy and the aeetom acids^ are' the pnoducts of 
tiie deconiposition of vegelablesj we shall, thisrefore, 
ricserve their examination for aiuture period. 

The oxaHc acid^ distilled from sorrel, is the highest 

•term of vegetal^e acidification 5 fori if more oxygen be 

added to it, it loses its vegetable nature, and is resol- 

*ved into carbonic acid and water ; therefore^ though 

jiU.the. other acids may be j:pnverted into thp.Q^a}ip t^f 
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an addition of oxygen^ the oxalic itself is not suscepti- 
ble of a farther degree of oxygenation ; nor can it be 
made, by any chemical process, to return to a state of 
lower acidification. 

To conclude this* subject, I have only to add a few 
words on the gaUic add • . .- . 

Caroline. Is not this the same acid before mention- 
ed, which forms ink, by precipiating sulphat of iron 
from its solution ? 

Mrs. B. Yes. Though it is usually extracted from 
galls, on account of its being most abundant in that ve- 
getable substance, it may also be obtained from a great 
variety of plants. It constitutes what is called the a«- 
tringent prindtde of vegetables ; it is generally combi- 
ned with tannin, and you will find that an infusion of 
tea, coffee, bark, red wiiie, or any vegetable substance 
that contains the astringent principle, will make a black 
precipitate with a solution of sulphat of iron. 

Caroline, But pray what are galls ? 

Mr8* B. They are excrescences which grow on the 
bark of young oaks, and are occasioned by an insect 
which wounds the bark of trees, and lays its egg in the 
aperture. The lacerated vessels of the tree then dis- 
charge their contents, and form an excrescence which 
affords a defensive covering for these eggs. The insect, 
when come to life, first feeds on this excrescence, 
and some time afterwards eats its way out, as it ap- 
pears from a hole found in all gall-nuts that no longer 
contain an insect. It is in hot climates only that strong- 
ly astringent gali-nuts are found $ those which ai-e used 
for the purpose of making ink are brought from Alep- 
po. 

Endty, But are not the oak-apples which grow on 
the leaves of the oak in this country, of a similar na- 
ture? 

Mrs. B, Yes ; only they are an infetior species of 
galls, contaimng less of the astringent principle^ and 
therefore less applicable to useful purposes* 

Caroline, Are the vegetable acids never found but 
m their pure uncombined state ? 

M-M, B. By no means i on the eootraryj they are 
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frequently met with in the state of compound salts $ 
these} however, are in general not fully saturated with 
the salifiable bases, so that the acid predominates, an4 
in this state they are c^W^d 9dduiou9 salts. Of this kin4 
is the salt called cream of tartar. 

Cara&ne, fs not the salt of lemon commonly used 
lo take out ink spots and -stains, of this nature ? 

Mrs, B- No ; that salt j:>onsists ^nerely of Ae citric 
iU^id reduced to the state of /crystals. 

CaroGne, And pray how d^es it takp out ink spots ? 

Afr». B, By decomposing the black precipitate) and 
rendering |t splubje in water. But the display of at- 
tractions by which tfeis is performed is, I believe, not 
_ Exactly ascertained* 

IJe^des the vegetable materials ^hich w.e have enu.- 
iperated, a variety of other substances, common to the 
ithree kingdoms, are found in vegetables, such as pptr 
^h, which was formerly supposed to belong exclusive- 
Jgr to plants, ajp^ wa$ in consequence called the vegetar 
•He alkali. 

.^phur, phosphorus, earths, a^d a variety of me* 
jaltic oxyds, are also found in vegetables, but only iti 
•^Unall quantides. And we meet sometimes with neur 
tral salts formed by the combination of these ingredip 
#nts. 



Conteriefation xviil 



^n thf decomfiodHon of Fege/ables, 



THE account which you have given us, Mrs. B. of 
4h^ m^rials of vegetables, |s doubtless, very insjrtictp 
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ive ; but it does not completely satisfy my curiosity.— 
I wish to kno\tr how plants obtain the principles from 
"Which their various materials are formed j by what 
means these are converted into vegetable matter, and 
how they are connected with the life of the plant ? 

Mrs, B. This implies nothing less than a complete 
history of the chemistry and physiology of vegetation^ 
subjects on which we have yet but very imperfect no-^ 
tions. Still I hope that I shall be able, in some mea- 
sure, to satisfy your curiosity. But in order to render 
the subject more iritelligible, I must first make you ac* 
quainted with the 'trarlous changes which vegetable* 
undergo, when the vital power no longer enables them 
to resist the common laws of chemical attracticHi. 

The composition of vegetables being more compli* 
eated than that of minerals, the former more readily 
tinder go chemical changes than the latter : for the 
greater the variety of attractions, the more easily is tlie 
equilibrium destroyed, and a new order of combinations 
Introduced* 

Emily* I am surprised that vegetables should be so 
easily suceptible of decomposition ; for the preserva* 
tion of the vegetable kingdom is certainly far Qiore im* 
portant than that of minerals. 

Mrs, B. You mtist consider, on the other hand^ 
how much more easily the former is renewed than the 
latter. The decomposition of the vegetable takes place 
only after the death of the plant, which, in the com- 
mon course of nature, happens when it has yielded fruit 
and seeds to propagate its species. If instead of thus 
finishing its career^ each plant was to retain its form 
and vegetable state^ it would became an uesless bur- 
den to the earth and its. inhabitants.-*-When vegeta- 
bles, therefore, cease to bq productive, they cease to 
live, and Nature then begins her process of decompo- 
sition, in order to dissolve them into their chemical 
constituents, hydrogen, carbone, and oxygen j those 
simple and primitive ingredients which she keeps in 
store for all her combinations. 

» 

Emily. But since no system of combination can be 
destroyed, except by the establishment of another or- 
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der of attractioDs, how can the decomposition of veget- 
ables reduce them to their simple elements ? 

Mr9. B. It is a very long process, during which 
a varie.ty of new combinations are successively esta- 
blished and successively destroyed; but, in each of 
these changes, the higredients of vegetable matter 
tend to unite in a more simple order of compounds, till 
they are at length brought to their elementary stsXCf 
or at least, to their most simple order of combinations. 
Thus you will find that vegetables are in the end al- 
most entirely reduced to water and carbonic acid ; the 
hydrogen and carbone dividing the oxygen between 
them, so as to form with it these two substances. But 
the variety of intermediate combinations that take place 
during the several stages of the decomposition of ve- 
getables, present us with a new set of compounds, well 
worthy of our examination. 

Caroline. How is it possible that vegetables, while 
putrefying, should produce any thing worthy of obser- 
vation? 

Mrs, B. They are susceptible of undergoing cer- 
tain changes before they arrive at the state of putrefac- 
tion, which is the final term of decomposition ; and of 
these changes we avail ourselves for particular and im- 
portant purposes. But, in order to make you under* 
stand this subject, which is of considerable importance! 
I must explain it more in detail. 

The decomposition of vegetables is always attended 
by a violent internal modon, produced hy the disunion 
of one order of panicles, and the combination ofano* 
ther. This is called fermentation, — There are several 
periods at which fermentation stops, so that a state of 
rest appears to be restored, and the new order of com- 
pounds fairly established. But, unless means be used 
to secure these new combinations in their actual state, 
their duration will be but transient, and a new fermen- 
tation will take place, by which the compound last 
formed will be destroyed ; and another, and less com- 
plex order will succeed. 

Mmihf. The fermentation, then, appears to be only 
the successive steps by which a vegetable descends to 
its final dissolution. 



I 
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Mrs* B. Precisely so. Your definition is perfectly 
correct. 

Caroline, And how many fermentations, or new ar- 
rangements, does a vegetable undergo before it is re- 
duced to its simple ingredients ? 

Mrs. B, Chemists do not exactly agree in this point ; 
but there are, I think, four distinct fermentations, or 
periods, at which the decomposition of vegetable mat- 
ter stops and changes its course. But every kind of 
vegetable matter is not equally susceptible of undergo- 
ing all these fermentations. 

There are likewise several circumstances required 
topixxluce fermentation. Water, and a certain de- 
gree of heat are both essential to this process, in order 
to separate the particles, and thus weaken their force 
of cohesion, that the new chemical affinities may be 
brought into action. 

Caroline. In frozen climates, then, how can the spon- 
taneous decomposition of vegetables take place ? 

Mrs. B. It certainly cannot ; and, accordingly, we 
find scarcely any vestiges of vegetation where a constant 
frost prevails, 

Caroline. One would imagine that, on the contrary, 
such spots would be covered with vegetables ; for, since 
they cannot be decomposed, their numbers must always 
increase. 

Mrs. B, But, my dear, heat and water are quite as 
essential to the formation of vegetables as they are to 
their decomposition. Besides, it is from the dead ve- 
getables reduced to their elementary principles, that 
the rising generation is supplied with sustenance. No 
young plant, therefore, can grow, unless its predeces- 
sors contribute both to its formation and siipport ; and 
these not only furnish the seed from which the new 
plant springs, but likewise the food by which it is nour- 
ished. 

Caroline. Under the torrid zone, therefore, where 
water is never frozen, and the heat is very great, both 
the processes of vegetation and fermentation must, I 
suppose, be extremely rapid ? 

x 
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Mr9, B. Not 80 much as you imagine ; foi; in such 
climates great pait of the water which is requisite for 
these processes is in an aeriform state^ which is scarce^ 
ly more conducive either to the growth or formation ' 
of vegetables than that of ice. In those latitudes, there- 
fore, it is only in low damp situations, sheltered by 
woods from the sun's rays, that the smaller tribes of 
vegetables can grow and thrive during the dry season, 
as dead vegetables seldom retain water enough to pro- 
duce fermentation, but-are, on the contrary, soon dried 
up by the heat of the sun, which enables them to resist 
that process ; so that it is not till the fall of the autum-* 
nal rains (which are very violent in such climates), that 
spontaneous fermentation can take place. 

The several fermentations derive their names from 
their principal products. The first is called the saccha* 
line fermentation^ because its product is sugar* 

Caroline* But sugar, you have told us, is found in 
all vegetables ; it cannot, therefore, be the product of 
their decomposition. 

Mrs, B. It is true that this fermentation is not con- 
fined to the decomposition of vegetables, as it contin- 
ually takes place during their life ; and indeed this cir- 
cumstance has, till lately prevented it from being con- 
sidered as one of the fermentations. But the process 
appears so analogous to the other fermentations, and 
the formation of sugar, whether in living or dead veget- 
able matter, is so evidently a new compound, proceed- 
ing from the destruction ofi the previous order of com- 
binations, and essential to the subsequent fermentations, 
that it is now esteemed the first step, or necessary pre- 
liminary, to decomposition, if not an actual commence- 
ment of that process. 

Caroline. I recollect your hinting to us that sugar 
was supposed not to be secreted from the sap, in the 
same manner as mucilage, fecula, oilj and the other 
ingredients of vegetables. 

7l/r,i-. B. It is rather from these materials, than from 
the sap itself, that sugar is formed; and his developed 
at partjcuiar periods, as you may observe in fruits, 
which become sweet in ripening, sometimes even after 
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they have been gathered. Life, therefore, is not es- 
sential to the formation of sugar, whilst, on the con* 
trary, mucilage, fecula, and the other vegetable mate- 
rials that are secreted from the sap by appropriate or* 
gans, whos0 powers immediately depend on the vital 
principle, cannot be produced but during the existence 
of that principle. 

EwUy. The ripening of fruits is, then, their first 
Btep to destruction, as well as then' last towards perfec* 
tion ? 

Mrs, B. Exactly. — The saccharine femaentation 
frequently takes place also during the cooking of veget- 
ables. - This is the case with parsnips, carrots, pota» 
toes, 8cc. in which, sweetness is developed by heat and 
moisture ; and we know that if we carried the process 
a little farther, a more complete decomposition would 
ensue. The same process takes place also in seeds 
previous to their sprouting, 

Caroline » How do you reconcile this to your theory, 
Mrs. B. ? Can you suppose that a decomposhion Is the 
necessary precursor of life ? 

Mrs. B. That is indeed the case. The materials 
of the seed must be decomposed, and the seed dis» 
organized, before a plant can sprout from it. — Seeds, 
besides the embryo plant, contain (as we have already 
observed), fecula, oil, and a little mucilage. These 
substances are destined for the nourishment of the fu» 
ture plant ; but they must undergo some change be» 
fore they can be fit for this function. The seeds, when 
buried in the earth, with a certain degree of moisture 
and of temperature, absorb water, Vvhich dilates them, 
separates their particles, and introduces a new order of 
attractions, of which sugar is the product, The sub- 
stance of the seed is thus softened, sweetened, and 
converted into a sort 6f w hite milky pulp, fit for the 
nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially 
produced^ for the purpose of making nmltf by the fol* 
lowing process : A quantity of barley is first soaked in 
water for two or three days ^ the water being after^ 
wards di-ained off, the grain heats spontaneously, swelhi 
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bur&tSy sweetens, shews a disposition to germinate, an^ 
would actually sprout, if the process was not stopped 
by putting it into a kiln, where it is well dried at a gen-. 
tie heat. In this state it is crisp and fria^e, and consti^r 
tutes the substance called malt^ which is th^ principal 
ingredient of beer. 

-fi/m/y. But I hope you wjll tell us how malt is made 
into beer ? 

Mrs. B. Certainly ; but I must first explain to you 
the nature oi the second fermentation, which is essen- 
tial to that operation. This is called the vinQus fer-. 
mentation^ because its product is wine* 

Emily, How very different the decomposition of ve-i 
getables is from what I had imagined. The pn> 
ducts of their disorganization appear almost superior 
to those which they yield during their state of life and 
perfection. 

Mrs, B, And do you not at the same time, admire 
the beautiful economy of Nature, which, whether she 
creates, or whether she destroys, directs all her opera-? 
tions to some useful and benevolent purpose ? It ap-. 
pears that the saccharine fermentation is essential, aa 
a previous st^p, to the vinous fermentation; so that 
if sugar be n^t developed during the life of the plantji 
the sscharine fermentation must be artificially produ-. 
ced be^re the vkious fermentation can take pktce. This 
is the case with barley, which does not yield any «u-. 
gar until it is made into malt ; and it is in that state 
only that it is susceptible of undergoing the vinous fer-. 
mentation by which it is converted into beer. 

CaroUne. But if the pi^pduct of the vinous fermen-. 
tation is always wine, beer cannot have undergone that 
process ; for beer is certainly not wine, 

Mrs. B. Chemically speaking, beer may be con-* 
udered as the wine of grain; For il is ^the product of 
the fermentation of malt, just as wine is that of the fer-i 
mentation of grapes, or other fruits. 

The consequence of the vinous fermentation is the 
decomposition of the saccharine matter, and the form* 
ation of a spirituous liquor from the constituents of the 
•ugar. But, in order to promote this fermentation^ 
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not only water and a certain degree of heatarc necessa* 
ry, but also some other vegetable ingredients, besides 
the sugar, as fecula, mucilage, acids, salts, extractive 
matter. Sec. all of .Svhich seem to contribute to thi» 
process. 

J^rmly, It is, perhaps, for this reason* that wine is 
not obtained from the fermentation of pure sugar ; but 
that fruits are chosen for that purpose, as they contain 
not only sugar, but likewise the other vegetable ingre- 
dients which are requisite to pronaote the vinous fer- 
mentation. 

Mrs. B, Certainly. And you must observe alsO| 
that the relative quantity of sugar is not the only cir- 
cumstance to be considered in the choice of vegetable 
juices for the formation of wine ; otherwise the sugar- 
cane would be best adapted for that purpose. It is 
rather the manner and proportion- in which the sugar is 
mix^d with other vegetable ingredients that influences 
the production and qualities of wine. And it is found 
that the juice of the grape not only yields the most 
considerable proportion of wine, but that it likewise 
affords it of the most grateful flavour. 

Emily. I have seen a vintage in Switzerland, and I 
do not recollect that heat was applied, <fr water added^ 
to produce the fermentation of the grapes. 

Mrs. B. The common temperature of the atmos- 
phere, in the cellars in which the juice of the grape 
is fermented, is sufficiently warm for this purpose ; 
and, as the juice contains an ample supply of water, 
there is no occasion for any addition of it.— But when 
fermentation is produced in dry malt, a quantity of wa- 
ter must necessarily be added. 

Endly, But what are precisely the changes that 
happen during the vinous fermentation ? 

Mrs, B. The sugar is decomposed, and its constitu<* 
€nts are recombined into two new substances ; the one 
a peculiar liquid substance, called alcohol or sfdrit of 
vdncy which remains in the fluid ; the other, carbonic 
acid gaj, which escapes durini^ the fermentation., Wine, 
therefore, in a general point of view, inay he cofisi^erf 
ed as a liquid of which alcohol constitutors t^,^|»SQi4idl 
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part. And the yarieties of strength and flavour of tho. 
different kinds of wine are to be attributed to the dif-. 
ferent qualities of the fruits from which they are obtain*? 
ed, independently of the sugar^ without wluch nd wine 
can be produced. 

CaroHne, I am astonished to bear that so powerful 
a liquid as spirits of wine should be obj^ajned from so 
mild a substance as sugar ! 

Mra. B, Can you tell me ia what the principal dif- 
ference consists between alcohol and sugar ? 

Caroline. Let me reflect ..... Sugar consists <^ 
carbone, h3fdrQgQn4 and oxygen. If cait»onic acid be 
subtracted from it, during the formation of alQohol,, 
the latter will contain less carbgne and oxygen than sur 
gar does ; therefore hydrogen must be the prevail-, 
ing printiple of alcohol. 

M/9.. B, It is exactly sp. And this very large pro-. 
portion of Hydrogen accounts for the lightness and com*? 
bustible property of alcohql, and of spirits in, general^ 
all of which consist of alcohol variously modified. 

Mmily, And can sugar be rccomposed fropa the com* 
bination of alcohol and carbonic acU ? 

Mrs, B, Chemists, have never been able to. succeed 
in effecting tliAs ; but from analogy, I should suppose 
such a recomposition possible. Let us now observe 
more particularly the phenomena that ta^e place dur-i 
ing the vinous fermentation. At the conin^ncement 
of this process, heat is evolved, and tt^ liquor swells 
considerably from the fo;'matipn of the carbonic acidj 
which is disengaged in such prodigious quantities as to 
be often prejudicial to the vinfagers. If the fermenta-? 
tion be stopped by putting the liquor into barrels, be-i 
fore the whole of the carbonic acid is evolved, the wine 
is brisk, like Champagne, from the carbonic acid imi 
prisoned in it, and it tastes sweet like cider, from the 
sugar not being completely decornposed. 

Eimly, But I do not understand w];iy heat should be 
evolved during this operation. For, as there is a con* 
siderable formation of gas, in which a proportionable 
quantity of heat must become insensible, I should 
h^ve imagined that cold, rather than heat, would hav^ 
been ptxxfticed. * 
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Mrs, B^ It appears so on first consideration ; bul^ 
you must recollect that fermentation is a complicated 
chemical process ; and that, during the decompositions 
$ind recompositions attending it, a quantity of chemical 
heat may be disengaged, sufficient both to developc 
the gas, and to effect an increase of teftiperature.-;— 
When the fermentation is completed, the liquid cools^ 
and subsides, the effervescence ceases, and the thicky 
sweet, sticky juice of the fruit is converted into a clear 
transparept spirituous liquor called wine. 

Emily, How much I regret not having been ac<» 
quainted with the nature of the vinous fermentation,^ 
when I had an opportunity of seeing the process ! 

Mrs, B, You have an e^sy method of satisfying- 
yourself in that respect by observing the process of 
brewing, which, in every essential circumstance, i& 
similar to that of making wine, and is really a very cu-. 
rious chemical operation. 

Although I cannot perform the experiment of mak-> 
ing wine, it will be' easy to shew you the mode of ana-* 
lyzingit. This is done by distillation. When wine of 
any kind is su1;>mitted to this operation, it is found to 
c^ontajn brandy, water* tartar^ extractive colouring mat* 
ter, and some vegetable acids. 1 have put a little port 
wine into this glass alembic (Plate X, Fig, 2 3. J and on 
placing the laiijp under it, you will soon see these pro- 
ducts successively coine over-r« 

Emily, But you do not mention alcohol amongst the 
products of the distillation of wine v and yet that is its 
xnost essential itigredient. 

Mrs. B. The a^lcohol is contained in the brandy , 
%yhich is npw coming over,, and dropping from the stilK ^ 
Brandy is nothing more than a mixture of alcohol and " 
water ;, and in order to obtain the alcohol pure, we 
xnust again distil it from brandy, 

. Caroline^ I have just tak^n ^ drop on my finger i 

PLAT? X, 

Fig, A3. A. Alembic. B. Lamp. C. Wineghsa. 

Fig. 's^4. Alcohol blow-pipe. D. The Lamp, £. The Tet- 
8^1 ill which the alcohol is boiling. F. A safety valve. G. The 
inflamed jet (ht stream ol alc«bol directed towards a glam tube H» 
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it tastes like strong brandj^ but it is without colour, 
whilst brandy is of a deep yellow. 

Mrs, B, It is not £o naturally ; in. its pure state 
brandy is colourless, and it obtains the yellow tint you 
observe by extracting the colouring matter from the i 

new oaken casks in which it is kept. I 

But if it does not acquire the usual tinge this way, it is  

the custom to colour the brandy used in this country | 

artificially, in order to give it the appearance of having I 

been long kept. 

Caroline. And is rum also distilled from wine ? 

Mrs, B. By no means ; it is distilled from the su« 
gar-cane, a plant which cmitains so great a quantity of 
sugar, that it yields more alcohol than almost any other 
vegetable. Previous to the distillation of the spirit, the | 

sugar-cane is made to undergo the vinous fermentation, 
which the other ingredients of the plant are just suffi- 
cient to promote. \\ 

The spirituous liquor called arack^i is in a similar 
manner distilled from the product of the vinous fermen- 
tation of rice. 

Emily, But rice has no sweetness ; does it contain 
any sugar? 

Afr«. B. Like barley and most other seeds, it is in- 
sipid until it has undergone the, saccharine fermenta- 
tion ; and this, you must recollect, is always a previ- 
ous step to the vinous fermentation in those vegetables 1 
in which sugar is not already formed. Brandy may in 
the same manner be obtained from malt. 

CaroHne, You mean from beer, I suppose- ; for the 
malt must have previously undergone the vinous fer-' 
mentation. 

Mrs. B, Beer is not precisely the product of the 
vinous fermentation of malt. For hops are a necessary' 
ingredient for the formation of that liquor y whilst bran- 
dy is distilled from pure fermented malt. But brandy 
might, no douljt, be distilled from beer as well as from 
any other liquor that has undergone the vinous fermen- 
tation 5^ for since the basis of brandy is alcohol, it may 
be obtained from any liquid that contains that spirituoua 
substance^ 
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Emly. And pray, from TPh^t vegetable is the (avow 
Ite spirit of the lower orders of people, gin, extracted? 

Mr8. B, Thip spirit (which is the same in all fer- 
mented liquors) may be obtained from any kind of 
grain ; but the peculiar flavour which distinguishes gin, 
is that of juniper berries, which are distilled together 
with the grain — 

I think the brandy contained in the wine which we 
9re distilling, must, by this tiiiie, be all come over. 
Yes — taste the fluid that is now dropping from th^ 
alembic — 
Caroline, It is perfectly insipid, like water, 
Mrs^ B, It is water, which, as I was telling you, is. 
the second product of wine, and comes over after aU 
the spirit, which is the lightest part, is distilled. Th^ 
tartar and e?;tractive colouring matter we shall find in ^ 
solid form at the bottom of the alembic. 
EmUy, they look very lik^ the lees of wine, 
Mrs, B. And in many respects they are of a sSmii 
lar nature ; for lees of wine consist chiefly of tartritof 
potash, a salt which exists in the juice of the grape, 
and in many other vegetable?, and is developed only by 
the vinous fermentation. During this operation it is 
precipitated, and deposites itself on the internal surface 
of the cask in which the wine is contained. It iai 
iiiuch us^d in medicine under the name. of <Tmm o/* 
tartavy and it is from this salt that the tartarous acid ia 
oibtained. 

Caroline, But the medicinal cream of tartar is in 
lippearance quite different from these dark coloured 
dregs ; it is perfectly colourless. 

Mrs, B. Because it consists of the pure salts only^ 
in its crystallised form ; whilst in the instance before 
us it is mixed with the deeprcoloured extractive matter 
and other foreign ingredients. 

Emity, Pray cannot we now obtain pure alcohol from 
the brandy which we have distilled ? 

Mre. B. Wc might : but the process would be 
tedious : for in order to obtain alcohol perfectly free 
from water, it is necessary to distil, or as the distillerst 
call it rectify it several times. You must thercffore al*! 
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low inc to produce a bottle of alcohol that has been 
thus purified. This is a very important ingredient, 
which has many striking properties, besides its forming 
the basis of all spirituous liquors. 

EmUy. It is alcohol, I suppose, that produces in- 
toxication ? 

Mr*. B, Certainly ; but the stimulus and moment- 
ary energy it gi ves to the system, and the intoxication 
it occasions when taken in excess, are circumstances 
not yet accounted for. 

Caroline, I thought that it produced these effects by 
increasing the rapidity of the circulation of the blood ; 
for drinking wine or spirits, I have heard always quick- 
ens the pulse. 

Mrs, B, No doubt ; the spirit by stimulating the 
nerves, increases the action of the muscles ; and the 
hearty which is one of the strongest muscular organs, 
t)cats with augmented vigour and propels the blood with 
accelerated quickness. After such strong excitation 
the frame naturally sufiers a proportional degree of der 
pression, so that a state of debility and languor are the 
invarible consequences of intoxication. Bat though 
these circumstances are well ascertained, they are far 
fropi explaining why alcohol should produce such ef^ 
fects. 

Ermly, Liqueurs are the only kind of spirits which. 
I think pleasant. Pray of what do they consist ? 

Mrs, B. They are composed of alcohol^ sweetened 
with syrup, and flavoured with volatile oil. 

The different kinds of odoriferous spirituous waters 
are likewise solutions of volatile oil in alcohol, as laven- 
der water, eau de Cologne, &c. 

The chemical properties of alcohol are important and 
numerous. It is one of the most powerful chemical 
»gents, and is particularly useful in dissolving a variety 
of substances which are soluble neither by water nor 
heat. 

Emily, We have seen it dissolve copal and mastic 
to form varnishes ; and these resins are certainly not 
^luble in water, since water precipitates them from their 
solution in aI«:ohpl. 
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Mrs. \B. I am happy to find that you recollect these 
circumstances so well. The same experiment affords 
also an instance of another property of alcohol, its ten- 
dency to unite with water ; for the resin is precipitated 
in consequence of losing the alcohol, which abandons 
it from its preference for water. We do not, however, 
consider the union of alcohol and water, as the effect 
of chemical combination, but rather as a simple solu-. 
tion, similar to that of sulphuric acid and water ; it is 
attended also, as you may recollect, with the same pe- 
culiar circumstance of a disengagement of heat and con- 
sequent diminution of bulk, which we have supposed 
to be produced by a mechanical penetration of particles 
by which latent heat is forced out. 

Alcohol unites thus readily not only with resins and 
vrith water, but with oils and balsams ; these compounds 
form the extensive class of elixirs, tinctures, quintes- 
cences. &c. 

 Emily. I suppose that alcohol must be highly com- 
bustible, since it contains so large d proportion of hy- 
drogen? 

Mrs. B. Extremely so ; and it will bum at a very 
moderate temperature. 

 Caroline. I have often seen both brandy and spirit 
of wine burat ; they produce a great deal of flame, but 
not a proportional quantity of heat, and no smoke what- 
ever. * , 

Mrs. B, The last circumstance arises from their 
combustion being complete ; and the disproportion be- 
tween the flame and heat shows you that these are by 
IK) means synonimous. 

The great quantity of flame proceeds from the com- 
bustion of the hydrogen, to which, you know, that 
manner of burning is peculiar.— 'Have you not remarked 
also, that brandy and alcohol will burn xvithout a wick ? 
They take fire at so low a temj^erature, that this assist- 
ance is not required to concentrate the heat and vola- 
tilize the fluid. 

Caroline* I have sometimes seen brandy burnt by 
merely heating it in a spoon. 

Mrs* B. The rapidity of the combustion of alcohol 
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may, however, be prodigiously increased by volatilizing; 
itt An ingenious instrument has been constructed on 
this principle to answer the purpose of a blow-pipe, 
which may be used for melting glass or other chemical 
purposes. It condsts of a small metallic vessel (Plate 
X. Mg. 24.) of a spherical shape, which contains 
the alcohol, and is heated by the lamp beneath it; 
as soon as the alcohol is volatilized, it passes through 
the spout of the vessel, and issues just above the wick 
of the lamp, which immediately sets fire to the stream 
(^vapour, as I shall shew you — 

£nttfy. With what amazing violence it burns ! The 
flame of alcohol in the state of vapour, is, I fancy, much 
hotter than when the spirit is merely burnt in a spoon ? 

Mra. B, Yes ; because in this way the combustion 
goes on much quicker, and, of course, the heat is pro- 
portionally increased.— Observe its effect on this small 
glass tube, the middle of which I present to the exrem- 
ity of the flame, where the heat is greatest. 

Caro&ne. The glass, in that spot, is become red 
hot, and bends from its own weight. 

Mr9. B. I have now drawn it asunder, and am go- 
ing to blow a ball at one of the heated ends ; but I must 
previously close it up, and flatten it with a little metal- 
lic instrument, otherwise the breath would pass through 
the tube without dilating any part of it. Now, Caroline, i 
will you blQw strongly into the tube whilst the closed ^ 
end is red hot ? ^ 

Endly. You bio wed too hard ; for the ball sudden- 
ly dilated to a great size, and then burst in pieces. 

Mrs, B. You will be more expert another time ; 
but I must caution you, -should you ever use this blow- , 

pipe, to be very careful that the combustion of the alco- 
h(^ does not go on with too great violence, for I have \ 

Been the flame sometimes dart out with such force as 
to reach the opposite wall of the room, and set the paint 
on fire. There is, however, no danger of the vessel | 

bursting, as it is provided with a safety tube, which af- 
fords an additional vent for the vapour of alcohol when 
required. 

The products of the combustiop of alcohol ccmsist in 
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a §;reat proportion of water, and a small quantity of car- 
bonic acid. There is no smoke or fixed remains -what- 
ever. How do you account for that, Emily ? 

Mmily, I suppose that the oxygen which the alco- 
hol absorbs in burning, converts its hydrogen into wa- 
ter, and its carbone into carbonic acid gas ; and thus it 
is completely consumed. 

Mrs, B. Very well.— £^/i<T, the lighest of all flu- 
ids, and with which you are well acquainted, is obtained 
from alcohol, of which it fprms the lightest and most 
volatile part, 

ETrdly, Ether, then, is to alcohol, what alcohol is 
to brandy ? 

Mr^^ B, No : there is an essential difference. In 
order to obtain alcohol from brandy, you need only de- 
prive the latter of its water ; but for the formation of 
ether, the alcohol must be decomposed, and one of its 
constituents partly subtracted. I leave you to guess 
which of them it is— 

 Emiiy, It cannot be hydrogen, as ether is more vo- 
latile than alcohol, and hydrogen is the lightest of all 
its ingredients : nor do I suppose that it can be oxygen, 
as alcohol contains so small a proportion of that princi* 
pie ; it is therefore, most probably carbone, a diminu- 
tion of which would not fail to render the new com- 
pound more volatile. 

Mrs, B. You are perfectly right. The formation 
of ether consists simply in subtracting from the alco- 
Jiol a certain proportion of carbone ; this is effected by 
the action of the sulphunc, nitric, or muriatic acids on 
alcohol. The acid and carbone remain at the bottom 
of the vessel, whilst the decarbonized alcohol flies off 
.in the form of a condensable vapour, which is ether. 

Ether is the most inflamable of all fluids, and bums 
lit so low a temperature that the heat evolved during 
its combustion is more than is required for its support, 
so that a quantity of ether is volatilized, which takes 
fire, ani gradually increases the violence of the com- 
bustion. > 

This spirituous fluid is so light that it evaporates at 
the common temperature of the atmosphere, it is tlierc- 

Y 



( 266 ) 

fore nf cessary to keep it confined by a ireU gtoimd glsM 
stopper. No degi^ee of cold known has ever frozen it« 

Caroline. Is it not often taken medicinally ? 

Mra. B. Yes ; it is one of the most effectual antis- 
pasmodic medicines, and the quickness of its effects^ 
as such, probably depends on its being instantly con*' 
▼erted into vapour by the beat of the stomach, through 
the intervention of which it acts on the nervous system* 
But the frequent use of ether, like that of spirituous 
liquors, becomes prejudicial, and, if taken to excess, 
it produces effects similar to those of intojcication. 

We may now take our leave of the vinous fermenta- 
tion, of which I hope, you have acquired a clear idea ; 
as well as of the several products that are derived from 
it. 

QaroBne. Though this process appears at first sight 
so much complicated, it may, I think, be summed up 
in few words, as it consists simply in the conversion of 
sugar into alcoh<d and carbonic acid, which gives rise 
both to the formation of wine, and of all kinds of spirit* 
uous liquors. 

Mr9, B, We shall now proceed to the acetous fer^ 
mentation^ which is thus called, because it converts wine 
into vinegar, by the formation of the acetous acid^ 
which is the basis or radical of vinegar. 

Caroline. But is not the acidifying principle of the 
acetous acid the same as that of all other acids, oxy- 
gen ? 

Mrs, B. Certainly ; and on that account the con- 
tact of air is essendal to this fermentation, as it aflords 
the necessary supply of oxygen. Vinegar, in order to 
obtain pure acetous acid from it, must be distilled and 
rectified by certain processes ; and the more frequent^ 
ly this operation is repeated, the more perfect the acid 
will be. 

£mily. But pray, Mrs B. Is not the acetous acid 
frequently formed without this fermentation taking 
place ? Is it not, for instance, contained in add fruitSi 
and in every substance that becomes sour ? 

A^»,B. No, not in fruits; you confound it with 
the citric, the malic, the oxalic, and other vegetable 
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tddsy to vrhich living vegetables owe their acidity. But 
whenever a vegetable substance turns sour, after it ha& 
ceased to live, the acetous acid is developed by means 
of the acetous fermentation, in which the substance ad«> 
vances a step towards its final decomposition. 

Amongst the various instances of acetous fermenta* 
tion, that of bread is usually classed. 

Caroline. But the fermentation of bread is produced 
by yeast ; how does that effect ill  

Mrs, B* It is found by experience that any sub* 
stance that has already undergone a fermentation, will' 
readily excite it in one that is susceptible of that process. 
If, for instance, you mix a little vinegar with wine that 
is intended to be acidified, it will absorb oxygen more 
rapidly, and the process b^ completed much sooner 
that if left to ferment spontaneously. Thus, yeast, 
which is a product of the fermentation of beer, is used 
to excite and accelerate the fermentation of malt, which 
is to be converted intb beer, as well as that of paste, 
that is to be made into bread, 

Caroline, But if bread undergoes the acetous fermen* 
tation, why is it not sour ? 

Mrs. B. It acquires a certain savour which corrects 
the heavy insipidity c^ flour, and nyftj be reckoned a 
first degree of acidification ; for if the process was car* 
ried farther, the bread would become decidedly acid*- 

There are, however, some chemists who do ho! tofi* 
sider the fermentation of bread as being of th6 acetous 
)(ind, but suppose that it is a process of fermentation 
peculiar to that substance, 

The fiutrid fermentation is tlie final operation of Na» 
ture, and her last step towards reducing organized bo* 
.-dies to their simplest combinations. All vegetables 
spontaneausly undergo this fermentation after death, 
provided there be a sufficient degree of heat and mois* 
ture, together with access of sdr ; for it is well known 
that dead plants may be preserved by dryings or by the 
total exclusion of air. 

Caroline. But do dead plants undergo the other fer« 
znentations previous to this last ; or do they immedi* 
f^ely mS^v the putrid fetmentation ? 
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Mr9, B, That depends on a variety of circumstan- 
CCS, such as the degrees of temperature and of moist" 
ure, the nature of the plant itself, Sec. But, if you 
were carefully to follow and examine the decomposition 
of plants from their death to their final dissolution, you 
would generally find a sweetness developed in the seeds, 
and a spirituous flavour in the fruits, (which have under- \ 

gone the sacchanne fermentation), previous to the to-* 
tal disorganization and separation of the parts. 

Mndly. I have sometimes remarked a kind of spi- 
rituous taste in fruits that were over ripe, especially 
oranges ; and this was just before they becanie rotten, 

Mrs, B. Jt was then the vinous fermentation which 
had succeeded the saccarine, and had you followed up 
these changes attentively, you would probably haver 
found the spirituous taste followed by acidity, previous 
to the fruit passing to the state of putrefaction. 

When the leaves fall from the trees in autumn, they 
do not (if there is no great moi§ture in the atmosphere) 
immediately undergo a decomposition, Ijut are first dri- 
ed and withered ; as soon, however, as the rain sets in> 
fermentation commences^ their gaseous pioducts ar^ 
impercepibly evolved into the atmosphere, and their 
fixed remains mixed with their kmdred earth. 

Wood, when exposed to moisture, also undergoes 
the putrid fermentation and becomes rotten. 

EwHy. But T have heard that the dry rot^ which ia 
so liable to destroy the beams of houses, is prevented 
by a current of air ; and yet you said that air was es- 
sential to the putrid fermentation ? 

Mrs, B. True ; but it must not be in Such a pro- 
portion to the moisture as to dissolve the latter, and 
this is generally the case when the rotting of wood is 
prevented or stopped by the free access of air.-r*What 
is commonly dry rot, however, is not, I believe, a true 
process of putrefaction. It is supposed to depend on a 
peculiar kind of vegetation, which, by feeding on the 
wood, gradually destroys it. 

Straw and all other kinds of vegetable matter under- 
go the putrid fermentation much more rapidly when 
xnixed with animal matter. Much heat is evolved dur* . 
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ing this process, and a varietjr'^f volatile products are . 
disengaged) as carbonic acid and hydrogen gas^ the 
latter of which is frequently either sulphurated or phos- 
phorated. When all these gasses have been evolved, 
the fixed products consisting of carbone, salts, potash, 
&c. form a kind of vegetable earth, which makes very, 
fine manure, as it Is composed of those elements which 
form the immediate materials of plants. 

CaroUne. Pray are not vegetables sometimes pre- 
served from decompodtion be peti'ifaction ? I have seen 
very curious specimens of petriiied'vegetables, in which 
state they perfectly preserve their form and organiza- 
tion, though in appearance they are changed to st<Hie. 

Mrs.JB^ That is a kind of metamorphosis, which, 
lK>w that you ar« tolerably well versed in history of min- 
eral and vegetable substances, I leave to your judgment 
to explain* Do you Imagine that vegetables can be 
converted wto stcme 1 

Emily y No certainly ; but they might perhaps be 
changed to a substance in appearance resembling stone. 

Mrs. B^ It is not so, however, with the substances 
that are called petrified vegetables ; for these are real* 
ly stone, and generally of the hardest kkid, consisting 
chiefly of silex. The case is this ; when a vegetable 
is bulled under water, or in wet earth, it is slowly and 
gradually decomposed « As each successive particle of 
the vegetable is destroyed, its place is supplied by a 
particle of silicious earth,^ conveyed thither by the wa- 
ter. In the course of time the vegetable is entirely 
destoyed, but the silex has completely replaced it, hav- 
ing assumed its form and apparent texture, as if the 
vegetable itself were changed to stone. 

Caroline. That is very curious ! and I suppose that 
petrified animal substances are of the same nature I 

Mrs, B,. Precisely* It fa equally impossible for eith- 
er animal or vegetable si^stances to be converted intd 
stone .^ They may be reduced, as we find they arci by 
decomposition, to their constituent elements, but can- 
not be changed to elements, which do not enter ints^ 
their composition. 

Y 2 . 
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There are^ however^ circumstances "which ffequeBti 
Jy prevent the regujar and final decomposition of veg^n 
tahies ; as, for instance, when they are buried either 
in the $ea, pr in the earthy where tbey cannot undergo 
the putrid fermentation for want of air. In these cases 
they s^re subject to, a peculiar change, hy which they 
are converted into a new clasps, of compounds^ called 
bittantna, 

Caroline. These ai?e substances. I nover heard of be-t 
fore. 

ik&Y» B. Yxifu will iind^ however^ that some oi theni 
are very familiar to you. Bitumens are vegetables so far 
decomposed as. to retain no organic appearance ; but 
their origin is easily di^tected by their oily ns^ture, their- 
combustibiUty, t^e products of their analysis and the 
impresw)ns <of tl>e Somis of leaves^ grains, fibres of 
woodr ^i P^P^ of animaisi which they frequently bear. 

They are sometimes of an culyJiquid consistence, as. 
the substance called. 77<z/iA/i^, which is a fine ti^ansparent 
colourless; fiuid, th^t issues out of clays in some parts qf - 
Persia. But more frequently they are soUd as as^hcdtumy 
a smooth hard brittle ^ubstanc^, ^y.hich easily melt% 
and forms, in its Hquid state, a beautiful dar^ browq^ 
colour for olj painting. Jet^ which is of a still harder 
texture, i^ a pecuUai: idjtM7n€n% susceptible of so fine a^ * 
polish that it is used for many o]:;namental purposes.. 

Coal ia al^o a bituminous substance,, to^ the composi-. 
Uon of which both the mineral and, animaj kingdoma, 
seem to concur. This most useful noineral appears to 
consist chiefly of vegetable matter^ mixed with re-^ 
main3 of marine animals and marine salts, and occa-- 
sionally containing a quantity of sulphuret of iron, com-- 
monly called pyrites. 

Mndly. It is, I suppose, the earthy, the metallic^, 
and the saline parts of coals, that compose the cinders, 
or fixed products of their combustion ; whilst the hy-* 
drogen and the cavbone, which, they derive fi'om veger 
tables, constitute their volatile products. 

QaroUne^ Pray is not cook (which I have heard ift 
much used in some manufactures) also a bituminoju^ 
substance ? 
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Mrs, B. It is a kind of fuel artificiaSy prepared from 
coals. It consists of coals reduced to a substance anal-* 
ogQUS to charcoal, by the evaporadon of their voladle 
parts. Coakj therefore, is composed of carbone> with 
some earthy and saline ingredients, 

Succin^ or yellow amber^ is a bitumen which the an* 
ciems called electrunh from whence the word electricity 
is derived, as that substance is peculiarly, and was once 
supposed to be exclusively electric. It is found either 
deeply buried in the bowels of the earth, or floating on 
the sea, and is supposed to be a resinous body which 
has been acted on by sulphuric acid, as its analysis 
shews it to consist of an oil and an acid. The oil is call* 
ed oilof amber y, the acid the succinic, 

Ewily, That oil I have sometimes used in ^nting, 
as it is reckoned to change less than the other kinds of 
oils. 

Mrs, J5, The last class of vegetable substances that 
have changed their nature are fossil wood^ fieatj and 
turf. These are composed of wood and roots of shrubs, 
that are partly decomposed by being exposed to mois« 
ture under ground, and yet, in some measure^ preserve 
their form and organic appearance. . The peat, or black 
. earth of the moors, retains but few vestiges of the roota 
to which it owes its richness and combustibility, these 
substances being in the course of time reduced to the 
state of vegetable earth. But in turf the roots of plants, 
are still discernable> and it equally answers the purpose 
of fuel. It is the combustible used by the poor in 
heathy countries, which aupply it abundantly.. 

It is too late this morning to enter upon the hisjtory 
of vegetation. We shall reserve this subject, there-* 
fore, for our next interview, when I expect that it will 
furnisUus with ample matter for another conversation^ 
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ConDetiVation xix. 



HUtory qf Ftgetation, 
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The Vegetable Kingdom may be considered as the 
Hnk which unites the mineral and animal creation Into 
(Xie common cham of beings ; for it is thraugh the 
Udeans of vegetation alone that mineral substances are 
introduced into the animal system, since generally 
tpeaking it is from vegetables that all animals uhimate* 
\f derive their sustenance- 

OtroUnt, I do not^ understand that $ the h^man spe- 
cies subsists as much on animal as on vegetable food> 
imd there are some carnivorous animals that will eat 
only animal food. 

Mrs. B. That h true ; but you do not consider that 
those that live on animal food derive their sustenance 
equally, though not so immediately, from vegetables* 
The ndeat that we eat is formed from the herbs of the 
field, and the prey of carnivorous animals proceeds^ 
either directly or indirectly, from the same source^ It . 

is therefore through this channel that the simple ele* \ 

snents become a part of the animal frame.. We should, 
in vain attempt to derive nourishment from carbone,. 
hydrogen,^ and oxygen, either in their separate state, 
or combined in the mineral kingdom ; for it is only by 
beuig united hi the form of vegetable combination, that: 
they becomte capable of conveying nourishment. 1 

Emily , Vegetation then, seems to be the method 
which nature employs to prepare the food ^f animals ? 

Mrs. B^ Tliat is certainly its principal object.^^The 
vegetable creation does not exhibit more wisdom in that 
admirable system of organization, by which it is enab-^ 
led toanswer its own immediate ends of preservation, nu* 
lyition, and propagation, than in its gi^and and uliimat* j 
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©bject of forming those arrangements and combina* 
tions of principles, which are so well adapted for the 
nourishment of animals^ 

EmUy, But I am very curious to know whence veg- 
etables obtain those principles, which form their imme- 
diate materials ? 

Mrs, B. This is a point on which we are yet so 
much in the dark, that I cannot hope fully to satisfy 
your curiosity ; but what little I know on this subject, 
I will endeavour to explain to you. 

The soil, which, at first view, appears to be the ali- 
ment of vegetables, is found, on a closer investigation, to 
be little more than the channel through which they re- 
ceive their nourishment ; so that it is very possible to 
rear plants without any earth or soil, 

Caroline, Of that we have an instance in the hya- 
cinth and other bulbous roots, which will grow and blosi- 
som beautifully in glasses of water. But I confess I 
should think it would be difficult to rear trees in a simi- 
lar manner. 

Mrs, jB, No doubt it would, as it is the burying of 
the roots in the earth that supports the stem of the tree. 
But this office, besides that of affording a vehicle for 
food, is far the most important part which the, earthy 
portions of the soil perform in the process of vegeta- 
tion ; for we can discover by analysis but an extremely 
§mall proportion of earth in vegetable compounds. 

Caroline, But if earths do not afford nourishment, 
why is it necessary to be so attentive to the preparation 
of the soil ? 

Mrs, B. In order to impart to it those qualities 
which render it a proper vehicle for the food of the 
plant. Water is the chief nourishment of vegetables j 
if, therefore, the soil be too sandy, it will not retain a 
quantity of water sufficient to supply the roots of the 
plants. , If, on the contrary, it abounds too much with 
clay, the water will lodge in such quantities as to threa- 
ten a decomposition of the roots. — Calcareous soils are 
upon the whole, the most fevourable to the growth of 
plants, from their containing in great abundance car- 
)K)nic acid, which is one of the most essential ingredl* 
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ents of vegetation. Soils are, therefore, usually inw 

E roved by chalk, which ypu may recollect is a car# 
onatoflime. Different vegetables, however, require 
different kinds of soils. Thus rice demands a moisti 
retentive soil ; potatoes a soft sandy soil ; wheat a firm 
and rich s<al. Forest treqs grow better in fine sand than 
in a stiff clay ; and a light ferugtnous soU is best sui« 
ted to fruit trees. 

Caroline, But pray what is the use of manuring the 
6oiH 

Mrs, B, Manure consists of all kinds of substances, 
whether of vegetable or animal origin, which have un^ 
dergone the putrid fermentation and are consequently 
decomposed, or nearly so, into their elementary pdn* 
ciples. Now, I ask you what is the utility of supply* 
ing the soil with these decomposed substances ? 

Caroline. It is^ I suppose, in order to furnish vege* 
tables with the principles which enter Into their com- 
position. For manures not only cQUtain carbone, hy« 
drogen, and oxygen, but by their decomposition sup* 
ply the soil with th^se principles in their elementary 
fi>rm. 

Mrs. B. Undoubtedly % and it is for this reason that 
the finest crops are produced in fields that were forpier-* 
ly covered with woods, because their soil is composed 
of a rich mould, a kind of veg^able earth which a* 
bounds in those principles, 

JEmiiy. This accounts for the plentifulness of the 
crops produced in America, where the country was bu^ 
a few years since covered with wood, 

Caroline, But how is it that animal substances are 
reckoned to produce the best manure ? Does it not ap« 
pear much more natural that the decomposed elements 
of vegetables should be the most appropiiate to the for* 
jnation of new vegetables ? 

Mrs. B, The addition of a much greater proportimi 
of nitrogen, which constitutes the chief difference be« 
tween animal and veget^le matter, renders the com- 
position of the former more complicated, and conse* 
qucntly more favourable to decomposition. The use 
of animal substances is chiefly to giv^ the fiiist impuke 
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to the fermentation of the vegetable ingredients that en- 
ter into the composition of manures. The manure of 
a fcirm-yard is of that description ; but there is scarcely 
any substance susceptible of undergoing the putrid fer« 
mentation that "will not make good manure. The heat 
produced by the fermentation of manure is another 
circunistance which is extremely £eivourable to veget- 
ation ; yet this heat would be too great if the manure 
was laid on the ground in the height of fermentation ; 
it is used in this state only for hot-beds, to produce mel- 
ons, cucumbers^ and such vegetables as require a very 
high temperature. 

Caroline. A difficulty has just occurred to me which 
I do not know how to remove ^--Since all organized 
bodies are, in the common course of nature, ultimately 
reduced to their elepacntary state, they must necessa- 
rily in that state enrich the soil, and afford foo<^or ve- 
getation. How is it then that agriculture^ which can- 
not increase the quantity of those elements that are re- 
quired to manure the earth, can increase its produce 
so wonderfully, as is found to be the case in all culti- 
vated cotmtries ? 

Mrs. B* It is by suffering none of these principle* 
to remain inactive, and by employing them to the bQst 
advantage. This object is attained by a judicious pre- 
paration of the soil, which consists in fitting it either 
for the general purposes of vegetation, or for that of 
the particular seed which is to be sown. Thus, if the soil 
be too cold, it may be warmed by slakeing lime upon 
it; if too loose and sandy, it may be rendered more 
consistent and retentive of water by the addition of clay 
or loam ; if too poor, it may be enriched by chalk or 
any kind of calcareous earth. On soils thus improved, 
manures will act with double efficacy, and if attention 
be paid to spread them on the ground at a proper sea- 
son of the year, to mix them with the soil so that they 
may be generally diffused through it, to destroy the 
weeds that might apwpriate these nutritive principles 
to their own use, to remove the stones which would 
impede the growth of the plant, 8cc. we may obtain a 
produce an hundred fold more abundant than^the earth 
would spontaneously supply. 
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EwUy^ Wc have a very striking instance of this in 
the scanty produce of uncultivated commons, compared 
to the rich crops of meadows which are occasionally 
manured. 

Caroline, But, Mrs. B. though experience daily 
proves the advantages of cultivation, there is stilFa diffi- 
culty which I cannot get over. A certain quantity of 
elementary principles exist in nature, which it is not 
in the power of man either to augment or diminish; 
Of these principles you have taught us that both the an- 
imal and vegetable creation are composed. Now the 
more of them is taken up by the vegetable kingdom^ 
the less, it would seem, will remain for animals ; and 
therefore the more populous the earth becomes, the 
less it will produce. 

Mrs. B. Your reasoning is very plausible ; but ex- 
perience every where contradicts the inference you 
would draw from it : for we find that the animal and 
vegetable kingdoms, instead of thriving as you would 
suppose, at each other's expense, always increase and 
multiply together. Indeed, you must allow that your 
conclusion would be valid only if every particle of the 
several principles that could possibly be spared from 
other purposes were employed in the animal and vege- 
table creations. Now we have reason to believe, that 
a much greater proportion of these principles than is 
required for such purposes remains,- either in an ele- 
mentary state, or engaged in a less useful mode of 
combination in the mineral kingdom. Possessed of 
such immense resources as the atmosphere and the 
waters afR)rd us, for oxygen, hydrogen, and carbone^ 
60 far from being in danger of workmg up all our sim- 
ple materials, we cannot suppose that we shall ever 
bring agriculture to such a degree of perfection as to 
require the whole of what these resources could supply. 

Nature, however, in thus furnishing us with an in- 
exhaustible stock of raw materials, leaves it in some 
measure to the ingenuity of man to appropriate them 
to his own purposes. But, like a land parent, she sti- 
mules. him to exertion, by setting the example and 
pointing (fut the way. Fcmt it is on the operations <rf 
nature that all the improvements of ait arc founded,f^ 
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The art rfagrfcuhure consists, therefore, in discovering 
the readiest method of obtaining the several principles^ 
either from their grand sources, air and water, or from 
the decomposition of organized bodies ; and in apprqpri* 
ating them in the best manner to the puipoi^es of vege- 
t^ion. 

Emily ^ But, among the sources of nutritive princi- 
ples, I am surprised that you do not mention the . earth 
itself, as it contains abondanoe of coals which are chief- 
ly composed of car bone. 

Mrs, B, You must recollect that coals are, principal- 
ly, if not entirely, of vegetable origin ; Mid therefore, the 
earth should be conwdered rather as the vehicle thro* 
which decayed organized matter is gradually brought 
to the state of coals, than as the original source of that 
valuable combustible. Besides, you know, that tho* 
coals abound in carbone, they cannot on account of their 
hardness and impermeable texture, be immeidiatelf 
subservient to the purposes of vegetation. 

Emily. No ; but by their combustion carbonic acid 
is produced ; and this entering into various combina- 
tions on the surface of the earth, may perhaps assist in 
promoting vegetation. 

Mrs^ B, PrebaWy it may in some degree ; but at 
any rate the quantity of nourishment, which vegetables 
may derive from that source, can be but very trifling} 
and must entirely depend on local circumstances. 

Caroline. Perhaps the smoky atmo^here of Lon- 
don is the reason why vegetation is so forward and so 
rich in its vicinity ? 

Mrs. B. I rather believe that this cifcumstance pro- 
ceeds from the very ample supply of manure, assisted 
perhaps by the warmth and shelter which the town af- 
fords. Far fi'om attributing any good to the smoky at- 
mosphere of Lixidon, I confess, I like to anticipate 
the time when we shall have made such progress in 
the art of managing combustion^ that every particle of 
carbone will be consumed, and the smoke destroyed 
at the moment of its production. We may then ex- 
pect to have the satisj&ction of seeing the atmosphere 
of London as clear as that of the country.-— But to re< 

z 
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turn to our subject : I hope that you are now convinced 
that we' shall not easily experience a deficiency of nu- 
tritive elements to fertilize the earth, and that, provided 
we are but industrious in applying tihem to the best ad- 
vantage by improving the art of agriculture, no limits 
can be assigned to the fruits that we may expect to reap 
from our labours \ 

CaroUne. Yes ; I am perfectly satisfied in that- re* 
spect, and can assure you that I feel already much more 
interested in the progress and improvement of agricul- 
ture* 

Endly. I have often thought that the culture of th« 
land was not considered as a concern of sufficient im- 
portance. Manufactures always take the lead; and 
health and innocence are frequently sacrificed to the pros- 
pect of a more profitable employment. It has often 
grieved me to see the poor manufacturers crowded to- 
gether in close rooms, and confined for the whole day 
to the most uniform and sedantary employment, instead 
of being engaged in that innocent and salutary kind of 
labour, which nature seems to have assigned to man 
for the immediate acquirement of comfort, and for the 
preservation of lus existence. I am sure that you agree - 
with me in thinking so, Mrs. B ? 

Mrs. B. I am entirely of your otunion, my dear, in 
regard to the importance of agriculture ; but I am far 
from wishing to depreciate manufactures ; for as the 
labour of one man is sufficient to produce food for sev- 
eral, those whose industry is not required in tillage 
must do something in return for the food that is provided 
for them. They exchange, consequently, the accom- * 
modations for the necessaries of Ufe. Thus the car- 
penter and the weaver lodge and clothe the peasant, 
who supplies them with their daily bread. The great- 
er stock of provisions, therefore, which the husband- 
man produces, the greater is the quantity of accommo- 
dation which the artificer prepares. Such are the hap* 
py effects which naturally result from civilized society. 
It would be wiser, therefore, to endeavour to improve 
the situation of those who are engaged in manufac- 
tures, than to indulge in vain disclamations on the hard- 
ships to which they are often Exposed. 
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But* we must not yet take our leave of the subject of 
agriculture ; we have prepared the soil, it remains for us 
now to sow the seed. In this operation we must be care- 
ful not to bury it too fleep in the ground, as the access 
of air is absolutely necessary to its germination ; the 
earth therefore must lie loose and light over it, -in order 
that the air may penetrate .--^Hence the use ot plough- 
ing and digging, harrowing and raking, &c. A cer- 
tain degree of heat and moisture, such as usually takes 
place in the spring, is likewise necessary. 

[, QaroUne, One woiild imagine you were going ^^cT 

describe the decomposition of an old plant, rather than 
the formation of a new one } for you l)|ive enumerated 
fdl the requisites of fermentation. 

Mrs. B. Do you forget, my dear, that the young 
plant derives its existence from the destruction of the 
seed, and that it is actually by the saccharine fermen* 
tation that the latter is decomposed ? 

CaroHne, True ; I wonder that I did not recollect 
that. The temperature and moisture required for the 
germination of the seed, is then employed in produc-* 
|ng the saccharine fermentation within it« 

iWr«. B. Certainly. But, in order to understand 
the nature of germination, you should be acquainted 
with the different parts of which the seed is composed. 
The external covering or envelope contains, besides 
the germ of the future plant, the substance which is to 
constitute its first nourishment ; this substance, which 
is called the pwenthymoy consists of fecula, mucilage> 
and oil, as we formerly observed* 

; • The seed is generally divided into two compart- 

i ments, called lohesy or cotyledons^ as is exemplified by 

]^ the bean, (PkUe XI. Fig, 2S.J — the dark coloured 

land of string which divides the lobes, is called the radm 

PLATE Xl^ 

Fig. %S' BeaD, 

Fig. %6* AB' Cotyledons. C. Envelope. D. Radiefe. V 
Fig. 27< AB. Cotyledons. C. Plumula. D. Radicle. 
Fig. a8. AB. Cotyledons. . C. Piumula. D. Radicle. s^ 
Fig. 29. A A' Glass bell. ' B. Bladder representing tli« liing,ft. 
C' Bladder representing the diaphragm* 
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icle^ as U forms the root of the plant, and it is froiti a 
contiguous substance called filiamtiay vrhieb is enclosed 
within the lobes, that the stem arises. The figure and 
size of the seed depend very mueh upon the cotyle* 
doDs ; these vary in number in (Afferent seeds ; some 
have ooJy one, us wheat, oats, barley, and all the grasses ; 
some have thi^ee, others six. But most seeds^ as for 
instance, all the varieties of beans, have two cotyledons* 
When the seed is buried in the earth, at any tempera* 
ture above 40^ it imbibes water, which softens and swells 
the lobes ; it then absorbs oxygen which combines with 
some of its carbone, and is returned in the form of car- 
bonic acid. This loss of carbone increases the com** 
parative proportion of hydrogen and oxygen in the seed, 
and excites the saccharine lermentation, by which the 
parenchymatoas matter is converted into a kind of sweet 
emulsion. In this form it is carried into the radicle by 
vessels for that purpose ; and in the mean time, the 
fermentation having caused the seed to burst, the co- 
tyledons are rent asunder, the radicle strikes into the 
ground and becomes the root of the plant, and hence 
the fermented liquid is cdnveyed to the plumula, whose 
vessels have "been previously distended by the heat of 
the fermentation. The plumula being thus swelled^ as 
it were, by the emulsive fluid, raises itself and springs 
up to the surface of the earth, bearing with it the coty- 
ledons, which as soon as they come In contact with the 
air, spread themselves, and are transformed into leaves-^ 
If we go into the garden, we shall probably find somq 
, seeds in the state which I have described-— 

jEmHy, Here are some lupines that are just making 
their appearance above ground. 

Mrs, B. We will take up several of them to obser\'o 
their different degrees of progress in vegetation. Her© 
is one that has but recently burst its envelope— 4o you 
see the little radicle striking downwards ? {Plate XI. 
JRig, 36,) In this the plumula is not yet visible. But 
here is another in a greater state of forwardness— «the 
plumula, or stem, has risen out of the ground, and the 
cotyledons are cortvterted into seed leaves, (Plate XI. 

Caroline, These leaves are very tiuck and clumsy^ 
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und unlike the other leaves which I perceive are jtnt 
beginning to appear. 

Mrs. B. It 13 bet^ause they retain the remains of 
the parenchyma, with which they stiH continue to nou- 
rish the young plant, as it has not yet sufficient roots and 
strength to provide for its sustenance from thfe soil. — 
But, in this third lupine, (Piate XI. Fig, 28 J the ra- 
dicle had sunk deep into the earth, and sept out seve- 
ral shoots, each of which is furnished with a mouth to 
auck up nourishment from the soil ;. the function of the 
original leaves, therefore, bekig no looker required, 
they are gradually decaying, and the plumula is be-^ 
come a regular stem, shooting out smaU branches aj)d 
spreading its foliafge. 

Endly. There seems to be a very striking analogy 
r between a seed and an egg ; both require an elevation 

of temperature to.be brought to life ; both at first sup^ 
ply with aliment the organized being which they pro«^ 
duce ; and as soon as this has attained sufficient strength 
to procure its own nourishment, the egg-shell breaks?> 
\ whilst in the plant the seed-leaves fall off, 

Mrs, B, There is certadnly some resemblance be* 
tween these processes ; and when you become ac«- 
quainted with animal chemistry, you will frequently be 
struck with its analogy to that of the vegetable king^ 
dom. 

. As soon as the young plant foeds ftom the soil,, it re-«- 
quires the assistance of leaves, which are the organs by 
which the plant throws off its superabundant fiuid ; this 
secretion is much more plentiful in the vegetable than 
in the animal creation, and the great extent of surface 
of the foliage of plants 13 admirably calculated for car-^ 
rying it on in sufiicient quantities. Tbb transpired 
fluid consists of little more than, water. The sap, by 
this process, is converted into a liquid of greater con- 
sistence, which is fijt to be assimilated to. its several 
parts. 

Emily, Vegetation, then,, must be essentially iniyr* 
ed by destroyiuki; the leaves of the plant ? 

Mrs, B. Undoubtedly ; it not only diminishes the 
transpiration, but also the absorption by the joots ;^ fox 
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Ibe quantlity of sap absorbed) is^ always kk pvopcHftioa la 
the quantity of fluid thrown off hf tfrao.apM'atioo^ Yqu 
. see therefiire the necessity that a young plant should 
unfold its leaves as soon as it begins to derive its nou^ 
ri^hment from t^p soil ; and acQordbgly, yQu will &m1 
that those lupines which have dropped their seed teaves» 
and are no longer fed by the paarenchyrnA^ have spread 
^eir foUage) in ord^r to ferkstx^ th^ office juM des-^ 
ciib^d. 

IB^t I should inform you thaf this fuoctioQ: of trans- 
piration seems to be conbined to the upper sur&ce of 
the leases, whilst, on the contraryt tbe lower sur&ce, 
which is mora rough and uneven, and furnished witb a: 
kind of hair or down, is destined to absorb moisture) or 
such other ingre^nts as die pl^t drives from, the at« 
XDQsphere. 

Am soon as a young plant makes its appearcmce above 
ground, tight as well as air becomes necessary to ka 
ptreservation. Light is essential to the devdopement 
of the cokjurs and to the thriving of the plant You 
may have often observed what a predilecttun vegetables 
have ibr the light* If you make any plants grow in a 
wom> they all spread their leaves aoid extend their 
bfanchea towards the wi))dows« 

Cgro&w. And many plants close up their flowers as, 
soon as it is dark. 

MmU^^ But may not thb be owing to tibe cqiA, and • ^ 
dampness of the evening air ? ^ 1 

Mr9, B. That does not aj^ar to be the case ; for 
m a course of curious experiments, made by Mr. Sene^ 
l»er, of Geneva, on phmts which he reaied by lamp 
light, he found that the flavpers closed their petals, 
whenever the lamps were extinguished. ' 

Mndly, But pray, why is air essential to vegeta-^ 
tion ; plants do not breathy it like animals ? 

Mrs, B, At least not in the same manner ; but they 
certainly derive soine principles from the. atmosphere, 
and yield others to it, Ind^ed> it is chiefly owing ta 
the action of the atmosphere and the vegetable kingdom 
on each other, that the air continues atwaj:s fit for rea-^ 
Juration. But you will understand this better when I 
have explained the effect of water on plants. 
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I haye said that waier fbr0>d;^ chkfno^iskment 
of plaiits ; it ia the baids not only of the sap« but of ail 
tho vegetable juicea.. Wat-ei* fe &e vehkte which car- 
ries into the plant the various saita and other ingredi- 
euU required for the fovntiation and support of the veg- 
etahle system. Nor is this all ; gve&t part of the water 
itself is decomposed by the organs of the plant ; the hy« 
drogen beconaea a coiJistkuent part of oil, of extract, of 
coloming matter, 8;c. whilst a portion of the oxygeii 
enter* into the formation of mucilage, offecula, of su- 
gar, and of vegetable acids. But the greater part of 
the oxygen* proceeding from the decomposition of tfeje 
"water, h converted into a gaseous state by the caloric, 
cUsengaged fi'om the hydrogen during its coadejisation 
in the tbrmation of the vegetable materials. In this 
state the oxygen is transpired by the leaves of plants 
when expoaed to the «un's rays. Thus you find that 
the decomposition of water, by the organs of the plan]:, 
is not only a means of supplying it with its chief ingre* 
dient, hydrogen, but at the same time of replenishing 
the atmosphere with oxygen, a principle which requires 
continual renovation, to make up for the great consump-^ 
tion of it occasioned by the numeroua oxygenations^ 
combustions, and respirations, that are constantly ta-» 
king place on the surface of the globe. 

Mmily. What a striking instance of the harmony of 
nature ! 

Mra, B. And how admirable the design of Previa 
dence* who makes every different part of the creation 
thus contribute to the aupport and renovation of each 
other ! 

But the ^tercourse of the vegetable andajiimal king-* 
doms through the m/edium of the atmosphere extends 
still farmer. Animals, in breathing, not only consume 
the oxygen of the air, but load it with carbonic acid,, 
which, if accumulcued in the ajtmosphere, would, in a 
abort tin\e, render it totally unfit for respiration. Here 
the vegetable kingdom again interferes ; it attracts, and 
decomposes the carbonic acid, retains the carbone for 
its own purposes, and returns ^e oxygen for oura. 
This process, howeverj^ is only carried on during the 
day, and a contrary one seema to take place during tho 
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night ; fop the leaves then absorb oxygen and emit car- 
bonic acid. The absorption of carbonic acid during the 
day, is, however^ far from balanced by the quandtjr 
emitted during the night. 

Caroline. How interesting this is ! I do not know a 
more beautiful illustration of the wisdom which is dis-^ 
played in the laws of nature. 

Mrs. B. Fahit and Imperfect as are the ideas which 
our Umited perceptions enable us to form of Divine 
Wisdom, still they cannot fail to insphe us with awe 
and admiraticm. What then would biS our feelings were 
die complete system of nature at once displayed before' 
us! So magnificent a scene woidd probably be too great 
fer our linvted and imperfect comprehension, and it is^ 
po doubt, amongst the wise dispensations of Providence, 
to v«l the splendour of a glory with which we should 
be overpowered.— But it is well suited lo'the nature of 
a rational beuig to explore, step by step, the works of 
the creation ; to endeavour to connect them into har-L- 
monious systems ; and, in a word, ta trace, in the chaia 
of beings, the kindred ties and benevolent desings which 4 

UDoite its varbus links, and. secure Its preservatipn.. 

Caroline, B.ut of what nature are these organs oC* 
plants which are endued with such wonderful powers ? ' 

Mrs. B, Th^y are so mipute, that their structure^ 
as well as the mode in which they perform their func^- 
tlons, generally elude our examination ; but we may 
consider them as so many vessels or apparatus appro-*, 
priated to perform^ with the assistance of the principle- 
of life, certain chemical processes, by means of which- 
these vegetable compounds are generated. We may,, 
however) trace the t-annln, resins, gum, mucilage, ani 
•ome other vegetable materials in tiie organized arrange^, 
inent of plants, in which they form the. bark, tfie wood,, 
the leaves, fiowers,^ and seeds. 

The bark is composed cif the epidermis^ the? pareU'^. 
r' €hyma^ and the cortical layers. 

The epidermis is the external coveriing of the plant*. 
It is a thin transparent membrane consisting of a. num-- * 
her of slender fibres crossing each other, and forming 
. a kind of net- work. Wh^n of a white glossy natur«^ 
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«sin«eversd species <^ trees, in the stems of com aod 
of 4seeds, it is composed of a thin coating of siiicious 
earth, which s^counts for the strength and hardness of 
tliose long and slender stems. Mr. Davy was led to 
the discovery of the siiicious natare of the epidermis of 
such plants, by observing the singular phenomenon of 
sparks of fire emitted by the collision of rattan canes 
with which two boys were fighting in a dark room.-*^ 
On analysing the epidermis o£ the cane, be found it to » 
be almost entirely siiicious. 

Caroline. With iron then, a cane I suppose, will 
strike fire very easily ? 

Mrs, B. I understand that it will.— In evergreens- 
the epidermis is mostly resinous, and in some few 
plants is formed of wax. The resin, from its want of 
affinity for water, tends to preserve the plant from the 
destructive effects of violent rains, severe climates, or 
inclement seasons, to which this species of vegetables 
is peculiarly exposed. 

j£m2/y. Resin must preserve wood just like l^ var« 
nish, as it is the essential ingredie&t of vMrnisbes. ' 

Mn, B, Yes, and by this means it prevents like* 
wise all unnecessary expenditure of moisture. 

The parenchyma is immediately beneath the epider- 
mis ; it is that green ririd which .appears when you 
strip a branch of any tree or shrub of its external coat 
of bark. The parenchyma is not confined to the stem, 
or branches, but extends over every part of the plant. 
It forms the green matter of the leaves, and is com- 
posed, of tubes filled "with a peculiar juice . 

The cortical layers are immediately in contact with 
the wood ; they abound with tarnin and gallic acid, and 
consist of small vessels, through which the sap de- 
scends after being elaborated in the leaves. The corti- 
cal layers are annually renewed, the old bark being 
converted into wood. 

Errdty. But through what vessels does the sap as- 
<iend? 

ktrs. B. That function is performed by the tubes 
of the alburnum or wood, which is immediately be- 
neath the cortical layers. Tbe wood is composed of 
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woody fibres, musiiage, and re^. The fibres aro 
disposed in two ways ; some of them longitudinally, 
and these form what is called the silver grain of the 
wood. The others, which are concentric, are called 
the spurious grsdn. These last are disposed in layers, 
from the number of which the age of the tree may be 
computed, a new one being produced annually by the 
conversion of the bark into wood. The oldest, and con- 
sequently most internal part of the alburnum, is called 
heart-wood ; it appears to be dead, at least no vital 
functions are discernible in it^ It is through the tubes 
of the living alburnum that the sap rises. These, 
therefore, spread into the leaves, and there communis 
cate with the extremities of the vessels of the cortical 
layers, inta which they pour their contents. 

CaroHne, Of what use then are the tubes of the pa* 
renchyma, since neither the ascending nor descending 
sap passes through thqm ? 

Mrs, B» They are supposed to perform the impor* 
tant function of secreting from the sap the peculiar jui« 
ces from which the plant more immediately derives ita 
nourishment. These juices are very c(»)spicuous, as 
the vesseH which contain them are much larger thaa 
those through which the sap circulates. The peculiar 
juices of plants differ much in their nature^ not only in 
different species of vegets^blss, but freouently in differ- 
ent parts of the same individual plant. They are seme<! 
times saccharine as in the sugarcane, sometimes resi- 
nous, as in firs and evergreensj sornetimes of a milky 
appearance, as in the laurel. 

ETnUy, I have often observed, that in breaking a 
young shoot, or in bruising a leaf of laurel, a milky 
juice wijl ooze out in great abundance, . 

Mra. B. And it is by making incissions Jn the barkt 
that pitch, tar, and turpentine are obtained from fir 
trees. The durability of this species of wood is chiefly 
9wing to the resjnons nature of its peculiar juices. The 
volatile oils have in a great measure, the same preser* 
ative effects, as they defend the parts vrith which they' 
are connected, from the attack of insects. This tribe 
^^^Qis tp have as great an aversion to perfumes^ as the 
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human species take delight in them. They scarcely 
ever attack any odoriferous parts of plants, and it is not 
nncommon to see every leaf of a tree destroyed by a 
blight, -whilst the blossoms remain untouched. Cedar, 
sandal, and all aromatic woods, are on this account of 
great durability. 

Emily, But the wood of the oak, which is so much 
esteemed for its durability f has I believe, no smell.-— 
Does it derive this quality from its hardness alone ? 

^ Mrs, B. Not entirely ; for the chesnut, though con* 
siderably harder and firmer than the oak, is not so 
lasting. The durability of the oak is, I believe, in a 
great measure owing to its. having very little heart-^ 
wood, the alburnum preserving its vital functions long* 
cr than in other trees. 

Caroline. If incisions are made into the alburnum 
and cortical layers, may not the ascending and descend-* 
ing sap be procured in the same manner as the pecu* 
liar juice is from the vessels of the parenchyma ? 

Mrs,. B. Yes ; but in order to obtain specimens of 
these fluids, in any quantity, the experiment must be 
made in the spring, when the sap circulates with the 
greatest energy. For this purpose a small bent glass 
tube should be introduced into the incision, through 
which the sap may flow without mixing with any of the 
other juices of the tree. From the bark the sap will 
flow much more plentifully than from the wood, as the 
ascending sap is much more liquid, more abundant, \ 
and more rapid in its motion than that which descends ; 
for the latter having been deprived bv the operation of 
the leaves of a consiberable part of its moisture, con« 
tains a much greater proportiop of solid matter which 
fetards its motion. It does not appear that there is 
any of descending sap, as none ever exudes from the 
roots of plants ; this process,, therefore, seetns to be 
carried on only in proportion to the wants of the plant, 
and the sap descends no further and in no greater quan* 
tity than is required to nourish the several organs.— 
Therefore, though the sap rises and descends in the 
plant, it does not appear to undergo a real circulation. 

The last of the organs of plants is ihejiower or Wo#- 
^m, which produces the/m^« and 9€cd, These ma/ 
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be centered as the ultimate i^rpose of nature in the 
Tegetable creation. From fruits and «eediS animals de- 
rive both a plentiful source of immediate nounshment) 
and an ample proTision for the reproduction of the same 
means of subsistence. 

The seedy which forms the final product of mature 
jdants we have already examined, as constituting the 
first rudiments of future vegetation. 

These are the principal organs of vegetation, by 
means c^ which the several chemical processes, which 
are carried on during the life of the i^ant, are perform- 
ed. 

Emily, But how are the several principles which 
enter into the composidon of vegetables, so combined 
by the organs of the plant as to be converted into veget- 
able matter ? 

Mrs. B. By chemical processes, no doubt, but the 
apparatus in which they are performed is so extremely 
minute as completely to elude our examination. We 
can form an opinion, therefore, only by the resnh of 
these operations. The sap is evidently composed of 
water absorbed by , the Toots, and holding in solution the 
vmious principles which it derives from the soil. From 
tile roots the sap ascends through the tubes of the al« 
bumum into the stem, and thence branches out to every 
extremity of the plant. Togedier with the sap circu- 
lates a certain quantity of carbonic acid, which is grad- 
ually ^sengaged from the former by the internal heat 
of the plant. 

Qaro&ne. What ! have vegetables a peculiar heat 
analogous to animal heat ? 

Mrs. B. It is a circumstance that has Iwig been 
suspected; but late experiments have decided* beyond 
a doubt, that vegetable heat is considerably above that 
of unorganized matter in winter, and below it in sum- 
mer. The wood of a tree is about 6Co when the ther- 
mometer is 70o or 80o. And the bark, though so much 
exposed, is seldom below 40 in winter. 

It is from the sap, after it has been elaborated by the 
leaves, that vegetables derive their nourishment; ki 
its progress through the plant, from tlie leaves to the 
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roots, it deposites in the several sets of vessels with 
which it communicates, the materials on which the 
growth arid nourishment of each part depends. It is 
thus that the various peculiar juices, saccharine, oily, 
mucous, acid, and colouring, are formed ; as also the 
more solid parts of fecula, woody iibre, tannin, resins, 
concrete salts : in a word, all the immediate materials 
of vegetables, as well as the organized parts of plants, 
which latter, besides the power of secreting these from 
the sap, for the general pur|X)se of the plant have also 
that oif applying them to their own particular nourish- 
ment. 

Emily. But why should the process of vegetation 
take place only at one season of the year, whilst a total 
inaction prevails during tlie other ? 

Mrs. B. Heat is such an important chemical agent, 
that its . effect, as such, might perhaps alone account 
for the impulse which the spring gives to vegetation. 
But, in order to explain the mechanism of that opera- 
tion, it has been supposed that the warmth of the spring 
dilates the vessels of plants, and produces a kind of 
vacuum, into which the sap (which had remained in a 
state of inaction in the trimk during the winter) rises ; 
this is followed by the ascent of the sap contained in the 
roots, and room is thus made for fresh sap, which tlie 
xoots, in their mm pump up fromr the soil. This pro- 
cess goes on till the plant blossoms and bears fruit, 
which terminates its. summer career; but when the 
cold weather sets in, the fibres and vessels contract, the 
leaves wither, and ai^ no longer able to perform their 
office of transpiration ; and, as this secretion stops, the 
roots cease to absorb sap from the soil. — If the plant 
be an annual, its life then terminates ; if not, it remains 
in a «tate of torpid inaction during the winter ; or the 
only internal motion that takes place is that of a small 
quantity of resinous juice, which slowly rises from the 
stem into the branches, and enlarges their buds during 
the winter. 

Caroline. Yet, in evergreens, v^etation must con- 
tinue throughout the year. 

Mra. B^ Yes ; but in winter it goes on in a very im- 

A a 
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|icrfect ifianner, compared to the vegetation of spring 
and summer. 

We have dwelt much longer on the history of vege« 
table chemistry than X had intended ; but we have at 
length, I think brought the subject to a conclusion. 

Caroline* I rather wcmder that you did not reserve 
the account of the fermentations for the conclusion ; for* 
the decomposition of vegetables naturally follows their 
death, and can hardly^ it seems, be introduced with so 
fnuch propriety at any other period. 

Mrs. B. It is difficult to determine at what point 
precisely it may be most eligible to enter on the history 
of vegetation ; every part of the subject is so closely 
connected, and forms such an unsnterinipted chain, that 
k is by no means easy to divide it. Had I begun witha 
germination q£ the seed, which, at first view, seems to 
be the most proper arrangement, I could not have ex- 
plained the nature and fermentation of the seed, or have 
described the changes which manure must undergo, in 
order to yield the vegetable elements. To understand 
the nature of germination, it is necessary, I think) pre- 
viously to decompose the parent plant, in order to be- 
come acquainted with the materials required for that 
puipose. I hope, therefore, that, upon secwid ccMisider- 
ation, you will find that the order which I have adopted, 
though apparently less correct, is in iact the best calcu- 
lated for the elucidation of tlie subject. 



ConfterjBfation xx. 

On the Comfiodtion of AnimcUs, 

Mrs, B, 
WE are ftow come to the last branch of chemistry, 
which comprehends the most.camplicated order of com- 
pound beings. This is the animal creation, the history 
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of which cannot but excite the highest degree of curi. 
cmty and intereist, tlwugh we often fail m attempting to 
explain the laws by whiph it is governed. 

iE?miy. But since all animals ultimately derive their 
nourishment from vegetables, the chemistry of this or- 
der of beings must consist merely in the conversion of 
vegetaWe into animal matter ? 

Mi^8. B, Very trae ; but the manner in which this is 
effected, is, in a great measure, concealed from our ob» 
servation. This process is called ammalization^ and is 
performed by peculiar organs. The difference of the 
animal and vegetable kingdoms does not, however, de* 
pend merely on a different arrangement of combinations, 
A new principle abounds in the animal kingdom, which 
is but rarely and in very small quantities found in veg- 
etables ; this is nitrogen. There is likewise in animal 
substances a greater and more constant proportion of 
phosphoric acid, and other saline matters. But these 
are not essential to the formation of animal matter. 

Caroline. Animal compounds contain then four fun- 
damental principles, oxygen, hydrogen, caifene, ancj 
j^itrogen. 

Mrs, B. Yes 5 and these form the Immediate mater 
rials of animals, which are gelatine^ albumen^ ^n^Jibrine, ^^ 

Emily, Are those all ? I am surprised that animals 
should be composed of fewer kinds of materials than 
vegetables ; for they appear rtiuch more complicated 
in their organization. 

Mrs, B. Their organization is certainly mor^ per? 
feet and intricate, and the ingredients that occasionally 
tnter into their composition are more numerous. But 
notwithstanding the wonderful variety observable in tha 
texture of the animal organs, we find that the original 
jcompounds, from which all the varieties of animal mat- 
ter are derived, may be reduced to the three heads just 
mentioned. Animal substances being the most com? 
plicated of all natural compounds, are most easily susr 
ceptible of decomposition, as the scale of attractions 
increases in proportion to the number of constituents. 
Their analysis is, however, both difficult and irnper? 
ftct ; for as they capnot Ije examined in their living 
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state, and are liable to alteration immediately after 
death, it is probable that, when submitted to the inve«»' 
ligation of a chemist, they are always more or less aln 
tered in combinations and properties, from what they 
were whilst they made part of the living animal. 

JSnuiy, The piere diminution of temperature, which 
they experience by the privation of animal heat, must, 
I should suppose, be sufficient to derange the order of 
attractions that existed during life. 

Mrs. B, That is one of the causes, no doubt : but 
there are many other circumstances which prevent u$ 
from studying the nature of living animal substances. 
We must therefore, in a considerable degree, confine 
our researches to the phenomena of these compounds 
in their inanimate state. 

These tlirec kinds of animal matter, . gelatine, albu- 
men, and iibrine, form the basis of all the various parts 
of the animal system ; either solid, as the afun^ fleshy 
nervesy membranesy CQriilageSf and bones; or fluids, as 
bloody cfiylcy milky the gastric and pancrentic jykes^ bile^ 
fiersfiiratioTiy saliva^ tearsy Istc, 

Caroline, Is it not surprising that so great a variety 
of substances, and so different in their nature, should 
yet all arise from so few materials, and from the same 
original elements ? ^ 

Mrs, B. The difference in the nature of various 
bodies depends, as I have Offten observed to you, rather 
on their state of combination, than cm the materials of 
which they are composed. Thus, in considering the 
chemical nature of the creation in a general point of 
view, we observe that it is throughout composed of a very 
small number of elements. But when we divide it in- 
to the three kingdoms, we find that, in the mineral, the 
combinations seem to result from the union of elements 
casually brought tqgether ; whilst in the vegetable and 
animal kingdoms, the attractions are peculiarly and 
regularly produced by appropriate organs, whose action 
depends on the vital principle. And we may further 
observe, that by means of certain spontaneous changes 
and decompositions, the elements of one kind of mat- 
ter become subservient to the production of another ; 
so that the three kingdoms are intimately connected, 
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A|pd constantly contributing to tlie preserva^on of each 
other. 

Emly. There is, however, one very considerably 
4c)ass of elements, which seems to be conlm.e4 to the 
tnineral kingdom : I mean metals. 

Mrs, B, Not entirely ; they are found, though in 
very minute quantities, both in the vegetable and ani* 
tnal kingdoms. A small portion of earth and sulphur 
enters also into the composition of organized bodies, 
phosphorus, however, is almost entirely confined to the 
imimal kingdom ; and nitrogen, but with few exq^p* 
tions, is extremely scarce in vjegetables. 

Let us now proceed to examine the nature of th^ 
three principal materials of the animal system. 

Gelatine^ otJeHy^ is the Chief ingredient of skin, an4 
x>f all the membranous parts of animals. It may b6 
obtained from these substances under the foj^ms of glue, 
jsize, ismglass, and transparent jelly. 

Caroline, But these are of a very different nature | 
they cannot therefore be ali pure gelatine.. 

Mrs. B. Not entirely, but very nearly sO, Glue in 
extracted from th^ skin of animals* Size is obtained 
either from skin in its natural state, or from leather, 
]singlass is gelatine procured from a particular species 
.of fish ; it is, you know, of this substance that the 
finest jelly is made, and this is done by merel)^ dissolve- 
ing the isinglass in boiling water^ and allowing the sor 
]ution to congeaL 

£mily. The wine, lemon, and spices, arc, I sups- 
pose, added only to flavour tlie jelly ? 

Mrs, B. Exactly ao. 

CcfToHne. But jelly is often iftad6 of hartshorn shav* 
ings, and of calves' teet ; does these substances cm^ 
tain gdatine ? 

Mrs, B, Yes, Gelatine may be c^t^aned from air 
most any animal substance, as it enters more or leisiis 
into the composition of all pf them. The process of 
obtaining it is exti'cmely simple, as it consists merely 
in boiling the substance that contains it idth water, The 
. gelatine dissolves in water, and may be obtained of ai|y 
degree of consistence or strength, by evaporating thjs 

A a 5^ 
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solution. Bones in pardcular produce it very plentiful^ 
ly, as they consist of phosphat of lime combined op 
cemented by gelatine, Horns which are a species of 
bone, will yield abundance of gelatine. The horns of 
the hart are reckoned to produce gelatine of the finest 
quality ; they are reduced to the state of shaving^s in 
order that the jelly may be more easily extracted by 
the water. It is qf hartshorn shavings that the jellies 
for invalids are usually madey as, they are of very eas}^ 
digestion. 

CqroBne, It appears singer that hartshorn, which 
yields such a powerful ingredient as ammonia, should 
^t the same time produce so mild and in^pid a subr 
stance as jelly ? 

Mra, B, And, what is more surprising, it is from 
the gelatine of bones that ammonia is prodyced.— -Yoy 
must observe, however, that the processes by wliic^ 
these two stibstances are obtained from bones are very 
i^fierent. By the simple action of vjrater, and heat, the 
gelatine is separated ; but hi order tq procure the am- 
monia, or what is commonly called hartshorn, the bones 
must be <Mstilled, by which means the gelatine is de- 
composed, and hydrogen and nitrogen combined in the 
form of ammonia. So that the first operation is a mere 
teparadon of ingredients, whilst the second requires a 
chemical decomposition. 

Caroline, But when jelly is made from hartshorn 
shavings, what becomes of the phosphat of lime which 
constitutes the other part of bones 1 

Mre.B. It is easily separated by straining. But 
the jelly is afterwards more perfectly purified, andren^ 
dered transparent by adding white of egg, which be- 
ing coagulated by heatu rises to the surface, along with 
any impurities, 

-fimj/y. I wonder that bones arc not used by the com^ 
mon people to make jelly ; a great deal of wholesome 
nourishment might, I should suppose, be procured 
from them, though the jelly would perhaps not be quite 
«o good as if maude from hartshorn shavings ? 

Mr*. B. There is a kind of prejudice among the 
poor against a species of fix)d that is usually throvra tq^ 
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4liedog8 ; and as we cannot expect them to enter bta 
chemical considerations, it is in some degree excusable. 
Besides, it requires a prodigious quantity of fuel to dis-! 
solve bones and obtain the g;elatine from them. 

The" solution of bones in water is greatly promoted 
by an accumulation of heat. This may be effected by 
means of an extremely strong metallic vessel, called 
Pafdn*^ (Ugester^ in which the bones and water are en- 
f losed, without any possibility of the steam making its 
escape. A heat c£m thus be appHed m,uch superior to 
that of boiling water ; and ]bones, by this nieans, are 
completely reduced to a pulp. But the process still 
consumes too much fuel to be generally adopted among 
the lower classes. • 

CaroHne. And why should not a manufacture be est 
](ablished for grinding or macerating bones, or at least 
for reducing them to the state of shavings^ when J 
suppose they would dissolve as readily as hartshorn 
shavings ? 

Mrs. B, Indeed I Sf e no objection to this plan, if 
the prejudices of the vulgar could be overcome \ but ' 
this wo^ld be a difficult matter, ^r I have even heard 
it objected to Papin's digester, that by the use of foo4 
thus prepared, the flesh of those feeding upop it would 
become ossified. 

Caroline, But these prejudiced people might easily 
see that the flesh of dogs, who feed chiefly on bones, is 
not ossified. Besides it would , not be difficult to con.* 
vmce them that the real bony matter, the phosphat 0% 
Mme, is deposited and forms ho pait of the jelly. 

Emily. And when Jelly is made of isinglass, does it 
leave no sediment ? 

Mrs, B. No ; nor does it so much require clarify-r 
mg, as it consists almost entirely of pure gelatine, and 
any foreign matter that is n>i:ced with it, is thrown off 
during the boiling }i) the fonp of scum. These ar^ 
pix)cesses which yQ\;i may see performed in great per^ 
fection in the culinary labratory, by that very able and 
most useful chemist the cook. 

Caroline, To what an immense variety of purpose^ 
C^hemistiy is subservient I 
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Mfidfy, It appears^ in that respect, to have asi adU 
vantage over saoat other arts and sciences ; for these 
very often have a tendencj. to popfine the imagination 
to their own particular object, whilst the pursuit of chenti> 
istry is so extensive and diversified, that it inspires 9 
general curiosity, and a de»re of inquiring into the na- 
ture of every object. 

CarpBfde, I suppose that soup is likewise coinpo«ed 
ef gelatine ; for when e^d, it often assumes the con^ 
flifet)eaGe of jelly ? 

Mrs, B. Yes ; all soups contain a quantity of gela- 
6ne obtained from ftieat, and dissolved in water. And 
Jhe varknis kinds of portable soups consist sdmost en- 
tirely of concentrated jelly, which, in order to be mad6 
iato soup, requires only to be dissolved in water, 

Gektihe, in its solid state, is a semiductile transpar* 
em substance, without either taste or smell. — Wheft 
exposed to heat, in contact with air and water, it first 
swells, then fuses, and finally bums. You may have 
teeo the first part of this pf^radon performed in the 
4:arp«iter's glue«>pot% 

Cm6Hne^ But you said that gelatine bad no smelly 
fxiA glue has a vei7 disagreeable one, 

Mrs, B, Glue is not purely gelatine ; but like size, 
the smell of which is still more offensive, it retains 
9ome' other particles of animal matter^, 

Gelatine may be precipitated from its solution in w^ 
ter by alcohol,— »XVe shall try this experiment with a 
glass of warm jelly .-^ You see that the gelatine subsides 
by the union of the alcohol and the water. — 

Emily. How is it, then, that jelly is flavoured with 
wine, without producing apy precipitation ? 

Mrs. B, Because the alcohol contained in wine m 
already combined with water and other ingredients, and 
is therefore not at liberty tp act upon the jelly as when 
in its separate state. Gelatiile is soluble both in acids 
And in alkalies ; the former, you know, are frequently 
used to season jelHes. 

Caroline, Among the combinations of gelatine we 
must not forget one whigh you formerly mentioned i 
ihat with tannin, to form leather. 
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J^8. B, True ; but you must observe that leather 
can be produced only by gelatine in a membraneous 
state ; for though pure gelatine and tannin will pro« 
duce a substance chemically similar to leather, yet the 
texture of the skin is requisite to make it answer thp 
t]seful purpps^^ of tl^at svibstance, , 

The next animal substance we are to examine is alt 
bumen : thisj although constituting part of most of the 
animal compounds, is frequently toiind insulated in the 
animal system ; the white of egg, for instance, con« 
sists almqj^t entirely of albumen; the substance that 
composes the nerves, the serum, or white part of the 
blood, and the curds of milk, are little else than albut 
men variously modified. 

In its most simple state, albumen "appears in the form 
of a transparent viscous fluid, possessed of no distinct 
taste or smell ; it coagulates at the low temperature of 
16 50, and when once solidified, it will never return tq 
its fluid state. 

Sulphuric acid and alcohol are each of th^m capable 
of coagulating albumen in the same manner as heat, as 
I am going to shew you— 

Emily, Exactly so. — ^Pray, Mrs. B. what kind of 
action is there between albumen and water ? I have 
sometimes observed, that if the spoon with which I eat 
an egg happens to be wetted, it becomes tarnished. 

It is because the white of egg (apd indeed albumen 
in genei*al) contains a little sulphur, which, at the tem? 
perature of an egg just boiled, will decompose the 
drop of water that wets the spoon, and produce sulphut 
rated hydrogen gas, which has the property pf tarnish- 
ing silver. 

We may now proceed to Flbrine, This is an insipid 
and inodorous substance, having somewhat the appear- 
ance of fine white threads adhering together ; it is the 
essential constituent of muscles or flesh, in which it is 
mixed with and softened by gelatine. It is insoluble 
both in water and alcohol, but sulphuric acid converts 
it into a substance very anakgous to gelatine. 

These are the essential and general ingredients of 
s^nimal n>atter ; but there ar^ other substance whiQl^ ' 
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thougb not peculiar to the animal system, usually enter 
into its composition, such as oils, acids, salts, &c. 

Animai Oil is the chief constituent of fat ; it is con* 
tained in abundance in the cream of milk, whence it is 
obtained in the form of butler. 

£mify. Is animal cnl the same in its composition as 
vegetaUe oils ? 

Mrs, B. Not the same, but very atialagous. The 
chief difference is that animal oil contains nitrogen, a 
principle that seldom enters into the composition of ve- 
£;etable oils, and never in sa large a proportion. 

There are a few animal acids, that is to say, acids 
peculiar to animal matter, from which they are almost 
exclusively obtained* 

The animal acids have triple bases of hydrogen, earp- 
hone, and nitrogen. Some of them are found native in 
animal matter ; others are produced during its decom«> 
position. 

Those that we find ready formed are i 

The bombic add, which is obtained from silkworms. 

Thejlnrmic acidy from ants. 

The lactic acid^ from the ^vbey of milk. 

The sebacic from oil or fat. 

Those produced during the decomposition of animal 
substances by heat, are the firussic and zoonic acids.— 
This last is prorluced by the roasting of meat, and 
gives it a bi*isk flavour. 

Caroline, The class of animal acids is not very eX" 
tensive. 

Mrs, B. No ; nor are they, generally speaking, 
of great importance. The prussic acid is, I think, the 
only one sufficiently interesting to require any further 
comment. It can be formed by an artificial process, 
without the pi*esence of any animal matter ; and it may 
likewise be obtained from a variety of vegetables, par^ 
ticularly those of the narcotic kind, such as poppies, lau*- 
rel, &c. But it is commonly obtained from blood, by 
strongly heating that substance with caustic potash ; 
. the alkali attracts the acid from the blood, and forms 
with it a firu98iat offiotash. From thjs stat^ of combi* 
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^tion the {>russic acid can be obtained pure hy means^ 
of other substances which have the power of separating 
it from the alkali. 

EmUy, But if this acid does not exist ready formed 
in blood, how can the alkali attract it from it ? 

Mrs. B- It is the triple bases only of this acid that 
exists in the blood ; and this is developed and brought 
to the state of acid, during the combustion. The acid 
therefore is first fonned, cmd it afterwards combines 
with the potash. 

Ermly. Now I comprehend it. But how can tht5 
prussic acid be artificially made ? 

Mrs. B, By passing ammoniacal gas over red hot 
charcoal \ and hence we learn that the constituents of 
this acid are hydrogen, nitrogen, and carbone. The 
two first are derived from the volatile alkali, the last* 
from the combustion of the charcoaL 

Caroline. But this does not accord with the system 
of oxygen being the indispensable principle of acidity ? 

Mrs. B. It is true ; and this circumstance, togeth- 
er with some others of the same kind, has led several 
chemists to suspect that oxygen may not be the solo 
generator of acids, and that acidity may possibly depend 
rather on the arrangement than on the presence of any 
particular principles. 

' Caroline. I do not like that idea. For if it were 
founded, all our theory of chemistry must be erroneous. 

Mrs* B, The objection is yet so new and uncon- 
firmed by common experience', that I confess I do not 
feel inclined to distrust the general doctrinci of acidifi- 
cation which we have hitherto adopted. But we have 
not yet done with the prussic arid. It has a strong 
affinity for metallic oxyds, and precipitates the solu- 
tion of iron in acids of a blue colour. This is the Prus- 
sian blue, or prussiat of iron, so much used in the arts, 
and with which I think you must be acquainted. 
. Emily. Yes, I am } it is much used in painting, 
|3oth in oil and in water colours ; but it is not reckoned 
a permanet oil colour. 

Mrs. B. That defect arises, I believe, in genera], 
from its being badly prepared, which is the case when 
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the iron is wA so fully oxydated as to form a red oxyd. 
For a solutioD of green oxyd of iron, (m which the 
metal is more slightly oxydated) makes only a pale 
green, or even a white precipitate, with prussiat of 
potash ; and this gradually changes to hlue by being 
exposed to the air^ as I can immediately shew you. 

Caro&ne, It already begins to assume a pale blue 
colour. But how does the air produce this change ? 

Mrs, B. By oxydating the iron more perfectly: If 
we pour some nitrous acid on it, the prussian blue co- 
lour will be* immediately produced, as the acid will 
yield its oxygen to the precipitate, and fully saturate it 
with this pnnciple— <is you shall see — 

Caro&ne. It is very curious to see a colour change 
so instantaneously. 

Mrs, B* Hence you perceive that prussian blue 
cannot be a permanent colour unless prepared with 
i^d oxyd of iron, since by exposure to the atmosphere 
it gradually darkens, and in a short time is no longer 
in harmony with the other colours of the painting. 

Caroline* But it can never become darker, by ex* 
posure to the atmosphere, than the true prussian blue^ 
in which the oxyd is perfectly saturated ? 

Mrs, B, Certainly not. But in psunting, the art- 

ist not reckoning upon partial, alterations in his colours, 

4 . gives his blue tints that particular shade which harmon- 

^ izes with the rest of the picture. If, afterwards those 

tints become darker, the harmony of the colouring must 

necessarily be destroyed. 

CaroHney Pray, of what nature is the paint called 
carmine ? 

Mrs. B, It is an animal colour, prepared from ro- 
efiineaif an insect, the infusion ofwhich produces a very 
beautiful red. 

Caro&ne. Whilst we are on the subject of colours, 
I should like to learn what ivory black is ? 

Mrs. B, It is a carbonaceous substance obtained by 
the combustion of ivory. A more common species of 
black is obtained from the burning of bone. 

Caroline. But during the combustion of ivory or 
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bone, the carbone I should have imagined, must be 
converted into carbonic acid gas, instead of this black 
substance ! 

Mm, B. In this, as in most combustions, a consid- 
erable part of the "^carbone is simply volatilia^d by the 
heat, and again obtained concrete on cooling.-— This 
colour, therefore, may be called the soot produced by 
the burning of ivory or bone. 



Contierjiation xxi. 



On the Animal Econom/, 



Mrs. B. 

We have now acquired some idea of the vaiious ma- 
terials that compose the animal system ; but if you are 
curious to know in what manner these substances are 
formed by the animal organs, from vegetable, as well 
as from animal substances, it will be necessary to have 
some previous knowledge of the nature and functions 
of these organs, without which it is impossible to form 
any distinct idea of the processes of amma&zaHon and 
nutrition. 

Caroline. I do not exactly understand the meaning 
of the word animalization ? 

Afr«. B^ Animalization is the process by which the 
food is assimilated^ that is to say, converted into animal 
matter ; and nutrition is that by which the food thusl 
assimilated is rendered subservient to the purposes of 
nourishing and maintaining the animal System. 

Emily. This, I am sure, must be the most inter- 
esting of all the branches of chemistry. • 

Caroline. So I think ^ particularly as I expect 4lUt 

Bb 
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ure shall hear something of the nature ofrespirationi 
and of the circulation of the blood ? 

Mts4 B. These functions undoubtedly occupy a 
most important place in the history of the animal econ-* 
omy.— But 1 must previously girc you a very short ac- 
count of the piincipal organs by which the various ope-*^ 
rations of the animal system are performed* — Thes« 
are? 

The Bonesy 
• Musclesj 
Blood veaaelsf 
Lymphatic vessels^ 
&ltmda, and 
Mrves. 

The iftmes are the most solid part of the animal frames 
and in a great measure determine its form and dimen-* 
uons. You recollect, I suppose, what are the ingre"" 
dients which enter into their composition ? 

CaroSne, Yes ; phosphat of lime, cemented by ge^ 
latine- 

Mrs. B4 Durbg the earliest period of ammal life 
they consist almost entirely of a gelatinous membrane 
of the form of the bones, but of a loose spongy texture, 
the cells or cavities of which are destined to be filled 
Ivith phosphat of lime ; it is the gradual acquisition of 
this salt which gives to the bones their subsequent hard« 
ness and durability. Infsmts first receive it from their 
Qiother's milk, and afterwards derive it from all animal 
and from most vegetable food, especially farinaceous 
substances, such as wheat flour, which contain it in 
sensible quantities. A portion of the phosphat after the 
bones of the infant have been sufficiently expanded and 
solidified, is deposited in the teeth, which consist at 
first of only a gelatinous ihembrane or case, fitted fop 
the reception Of this salt 5 and which, after acquinng 
hardness withm the gum, gradually protrude from it. 

CaroUne. How very curious this is : and how inge- 
mously nature has first provided for the solidification of 
such bones as are immediately wanted, afid afterwardsi 
for the formation ot the teethi which would not only be 
Useless, but detrimental in infancy \ 
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Mrs. B, In quadrupeds the pbosphat of lime is de- 
posited likewise in their honis, and in the hair or wool 
with which they are generally clothed. 

In birds it serves also to harden tlie beaks and the 
quills of their feathers. 

When animals are arrived at a state of maturity, and 
their bones have acquired a sufficient degree of solid- 
ity, the (diosphat of Hme which is taken with the food 
is seldom assimilated, excepting when the female nour- 
ishes her young ; it is then all secreted info the milk) 
as a provision for the tender bones of the nursling. 

Emily, So that whatever becomes superfluous to 
one being, is immediately wanted by another ; and the 
child acquires strength precisely by the species of nour- 
ishment which is no longer necessary to the mother. 
Nature is, indeed) an admirable economist I 

Carolina, Pray, Mrs. B.. does not the disease in the 
bones of children, called the rickets, proceed from u 
deficiency of pbosphat of lime ? 

Mr8p B. I have heard that this disease may arise 
from two causes ; it is sometimes occasioned by the 
growth of the muscles being too rapid in proportion to 
that of the bones. In this case the weight of the flesh 
is greater than the bones can support, and presses up- 
on them so as to produce a swelling of the joints which 
is tlie great indication of the rickets* The other cause 
of this disorder is an imperfect digestion and assimila- 
tion of the food, attended with an esdi^ss of acid, which 
counteracts the formation of phosphatl^f lime. In both 
instances, therefore, care should be taken to alter the 
child's diet, n^St merely by increasing the quantity of 
aliment containing phosphat of lime, but also by avoid- 
ing all food that is apt to turn acid on the stomach and 
produce indigestion. But the best preservative against 
complaints of this kind is, no doubt, good nursing ; 
when a child has plenty of air and exercise, the diges- 
tion and assimilation will be properly performed, no 
add will be produced to interrupt these functions, and 
Uie muscles and bones will grow together in just pro- 
portions, 

Caroline, I have often heard th^ rickets attributed to 
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Vad nursinn^f but I never could have guessed vrhat cch^ 
nection there was between exercise and the formation 
of the bones. 

Mr9, B. Exercise is generuUy beneficial to all the 
animal functions. If man is destined to labour for hia 
subsistence, the bread which he earns is scarcely more 
essential to his health and preservation than th« exer« 
tions by which he obtains it. Those whom the g^t of 
fortune have placed above the necessity of bodily labour^ 
are compelled to take exercise in s(une mode or other^ 
and when they cannot convert it into an amusement^ 
they must submit to it as a task, or their health wiU 
soon experience the effects of their indolence. 

Emily, That will never be my case : for exercise^ 
unless it becomes fatigue, always gives me pleasure \ 
and, so far from being a task, is to me a source of dai- 
ly enjoyment. I often thiiik what a blessing it is, that 
exercise which is so conducive to health, should be se. 
delightful, whilst fatigue which is father hurtful, in« 
stead of pleasure occasions painful s^isations. So that 
fatigue, no doubt, was intended to moderate our bodily 
exertions^ as satiety puts a limit to our appetites 2 

Mt%. B, Certainly.— But let us not deviate too far 
from our subject^^^The bones are connected together 
by ligaments, which consist of a white thick ftexible 
substance, adhering to their extremities, so &r as ta 
secure the joints firmly, though without impeding theif 
motion. And the joints are moreover cove^d by a 
solid smooth, elastic, white substance, called cartilagey 
the use of which is to allow, by its smoothness, and elas« 
ticity, the. bones to slide easily over one^another, so that 
the joints may perform their office without difficulty or 
'detriment. 

Over the b(»ies the nmscka are placed ; they consist 
of bundles of fibres which terminate in a kind of string, 
or ligament, by which they are fastened to the bones^ 
The muscles are the organs of motion ; by their power 
of dilatation and contraction tliey put into action the 
bones, which act as leavers in all the motions of the 
Body, and form the solid support of its various parts. 
The muscles are of various degrees of strength orcoiif 
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djstence in different species of animals. The mammif- 
erous tribe, or those that suckle their young, seem in 
this respect to occupy an intermediate place between 
birds and cold-blooded animals, such as reptiles and 
fishes. 

Emily. - The different degrees of firmness and so- 
lidity in the muscles of these several, species of ani- 
mals proceed, I imagme, from the different nature of 
the food on which they subsist ? 

Mrs. B^ No ; that is not supposed to be the case ^ 
for the human species, who are of the roammiferous 
tribe, live on more substantial food than birds, and yet 
the latter exceed them in muscular strength. — We 
shall hereafter attempt to account for this difference ; 
but let us now proceed in the examination of the animal 
functions. 

The next class of organs is that of the vessels of the 
body, the office of which is to convey the various fiuids 
throughout the frame. These vessels are innumera- 
ble. The most considerable of them are those thro* 
which the blood circulates, which are of two kinds: 
the arteries J which convey it from the heart to the ex- 
tremities of the body, and the veinsy which hiding it 
back into the heart. 

Besides these, there are a numerous set of small 
transparent vessels, destined to absorb and convey dif^ 
ferent fluids into the blood ; they are generally called 
the absorbent or lymphatic vessels : but it is to a portion 
of them only that the function of conveying into th^ 
blood the fluid called iymfih is assigned. 

Ermly. Pray what is the nature of that fluid I 
Mrs, B, Th6 nature and tfse of the lymph have, I 
believe, never been perfectly ascertained ^ but it is sup- 
posed to consist of matter that has been previously an- 
Imalized, and which, after answering the purpose for 
■which it was intended, must in regular rotation make, 
way for the fresh supplies produced by nourishment* 
The lymphatic vessels pump up this fluid from every 
part of the system, and convey it into the veins to be^ 
mixed with the blood which runs through them^ ahd 
which is commonly called venous blood.^ 

Bb & 
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CaroSne. But doyes h not again ^nt^F into the ank 
mal system through that channel ? 

J^9» B. Not entirely ^ for the venous blood does^ 
not return into the cht:ulaUon unt3 it has undergone i^ 
peculiar change, ip which it; thrown pff whatever is be-i 
come useless. 

Another set of absorbent vessels pump up th^ chyk 
from the stomach and intestines, and convey it, after 
many circumvolutions, into the great vein, neai: th^ 
heart. 

Mndly, Ptay what b chyle ?. . 

Mr9._ B, It is thQ substance into whiclx food fe cpnn. 
verted by digesdpn. 

Carolina. Qne s^t of tb^ absorbent vessels, then^ 
is employed in bringing away the old materials tha^ 
are no longer fit for use ;. whilst the other set is busy 
in conveying into th^ blopd the new. materials, that are 
to replace them. 

^nuIyK What a great variety of ingredients mus^ 
enter into the composition of the blopd 1. 

i^«« B. You must observe th^t there i3 also a greats 
variety pf sub&tapQes to.be. secreted from it. We mayf- 
compare the blood to a general receptacle PT store-t 
house for all kipds of comjnpdities which are ^fterwards^; 
fashioned^ arranged* and dispose^d.of as circi)pistance^ 
require. 

There is another s^t of absorbs vessels in. feniale% 
which is dest^iedto seqrete milk for the noiuri^hment 
of the young. 

Mtnily^ Pray is,not milk very analogous in its com-, 
portion to blcNod ; fpr, since the nursling denyes its. 
nourishment from that source onjy, it must contain eve-v 
ry principle whi^ch th.e animal system requires I 

Mrs. B^ Very true. Milk is found, by its analysis,. 
to contain all the prinqipal materials of animal, matter^ 
gelatine, albumen, oil, and. phosphat of lime ; so that 
the suckling has but lit<Je trouble to digest and assimi* 
late this no^rishinent. 3ut we sh^U examine the com«( 
position of milk more fully afterwards.. 

In many parts of the body numJbers of sng»ll vessels 
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|kre collected together ki liH?^ bundles called glnnd^ 
from a Latki word; meankig acorn ^ on account of the 
resemblance which son>c of them bear iu shape to that 
fruit. The function of the gland% is to secrete^ or sep* 
%rate certain matters from the bloody 

The secretions are not only mechanical, but chemi* 
cal separations from the blood ; for the substances thus^ 
Ibrmedj, though contained in the blood, are not ready 
combined in that fluid. The secretions are of two- 
kinds, those which form peculiar animal fluids^ as bile, 
tears, saliva, S^.. and those which produce the general, 
xuaterials. of the animal system, for the purpose of re-^ 
fruiting and nourishmg the several organs of the body ; 
such as albumen, gelatine,, andHbrine 'i the latter may 
be distinguished by the name of nutritive secretions* 

Caroline, I am quite astonished ta hear that all the 
secretionS; should be derived from the blood. 

Emily. \ thought that thj^ bile was produced by thf 
liver? 

Mrs, B. So it is ; but the liver Is nothing more thaa 
a very large gla])d> which secretes the bUe from the 
blood!, 

The last of the animal organs which we have men-i 
doned are the nerves ; these are the vehicles of sensa>t 
tion, every other pai:t of the body bekig, of itself totally 
insensible.. 

Caroline., They must then, be spread throughout 
every part of the 6'anoe, foi? M'e are every where sus^ 
ceptibJe of feeling- 

Eimly. Excepting the naijs and the hair.. 

Mrs.. B^ And tho^e are alnjpst. the only parts ia 
which nerves cannot be discovered.. The common 
source of all the nerves is the brain \ thence they de-t 
scend, some of therm through different holes of the 
skull, bu.t the greatest part through the ba.ck bone, and 
extend themselves by innumerable ramifications through-^ 
out the whole body] They spread themselves ovfer 
the muscles, penetrate the glands, wind round the vas-« 
cular system, and even pierce into the interior of the 
bones. It is most probably through them that the com-^ 
munication is carried oa between the mi^d and the otiii« 
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er parts of the body ; but in what manner they are act* 
ed upon by the mind, and made to re-act on the body, 
k still a profound secret. Many hypotheses have been 
formed on this very obscure subject, but they are all 
equally improbable, and it 'would be useless for us to 
waste our time in conjectures on an mquiry which in 
all probability, is beyond the reach of human capacity. 

Caroline. But you have not mentioned those par- 
ticular nerves that form the senses of hearing, seeing, 
smelling, and tasting ? 

Mrs. B, They are considered as being of the same 
nature as those which are dispersed over every part of 
the body, and constitute the general sense of feeling* 
The difierent sensations which they produce arise from 
their peculiar utuation and connection with the several 
organs of taste, smell, and hearing. 

Emily. But these senses appear totally different from 
that of feeling ? 

Mrs. B. They are, all of them sensations, but va- 
riously modified according to the nature of the different 
organs in which the nerves are situated. For, as we 
have formerly observed, it is by contact only that the 
nerves are affected. Thus odoriferous particles must 
strike upon the nerves of the nose in order to excite 
the sense of smelling, in the same manner that taste 
b produced by the partkv^ar substance coming in con- 
tact with the nerves of the palate. It is thus also that 
the sensation of sound is pixiduced by the concussion of 
the air striking against the auditory nerve ; and sight 
13 the effect of the light falling upon the optic nerve. 
These various senses, therefore, are alRscted only by 
the actual contact of particles of matter,, in the same 
manner as that of feelings 

The different organs of the animal body, though ea- 
sily separable and perfectly distinct, are loosely con- 
nected together by a kind of spongy substance, in tex- 
ture somewhat resembling net*work,. called the cellu- 
lar membrane ; and the whole is covered by the skin. 

The sHn^ as well as the bark of vegetables, is form, 
ed of three coats.. The external one is called tlie cuti^ 
cie, or e/iidermie i the second, which is called the mw- 
C0U8 mcmdraney is of a thin soft texture, and consists of 
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9^ mucous substance, which in negroes Is black, and ia 
the cause of their skin appearing of that colour. 

CaroHne. Is then the external skin of negroes white 
like ours ? 

Mrs, B. Yes ; but as the cuticle is transparent, aa 
well as porus, the blackness of the mueous membrane 
is visible through it. The extremities of the nerves are 
spread over the skin^ so that the sensation of feeling is 
transmitted through the cuticle. The internal cover- 
ing of the muscles^ which is properly the skin, is the 
thickest, the toughest, and most resisting of the whole 
-—it is this membrane that is so essential in the arts, by 
forming leather when combined with tannin. 

The skin which covers the animal body, as well as 
those membranes that form the coats of the vessels, 
consist almost exclu^vely of gelatine ; and are capable 
of being converted into glue, size, pr jelly. 

The cavities between the muscles and the skin are 
usually filled with fat, wliich lodges in the cells of the 
membranous net before mentioned, and gives to the 
external form (especially in the human figure) that 
roundness, smootluiess» and softness* sa essential to 
beauty. 

Endly. And the skin itself is, I think^ a very orna- 
mental part of the human frame, both ^rom the finesa 
of its texture, and the variety and delicacy of its tints^ 

Mrs, B^ This variety and harmonious gpradation of 
fU!)Iours, proceed, not so much from the skin iteelf, aa 
from the internal organs which transmit their several 
colours through it, these being only softened and blen- 
ded by the colour of the skin, which is uniformly of a 
yellowish white. 

Thus modified, the darkness of the veins aj^ears of 
a pale blue colour, and the iBoridness of the arteries ia 
changed to a delicate pink. In the most transparent 
parts, the skin exhibits the bloom of the rose, whilst 
where it is more opaque its own colour predominates ; 
and at the joints, where the bones are most prominent, 
their whiteness is often discernible. In a word) every 
part of the human frame seems to contribute to its ex« 
temal grace i and this not merely by producing a^ 



( SIO ) 

pleasing variety of tinta, but by a peculiar Idnd of beau* 
ty which belongs to each individual part. Thus it is 
to the solicUty and arrangement of the bones that the hu» 
man figure owes the grandeur of its stature, and its 
firm and dignified deportment. The muscles defineate 
the form, and stamp it with energy and grace ; and the 
soft substance which is spread over them smooths their 
riiggedness, and gives to the contours the gentle un* \ 

duladons of the line of beauty. Every organ of sense j 

is a peculiar and separate ornament; and the skin, { 

which polishes the surface and gives it that charm of 
colouring so inimitable by art, finally conspires to ren« 
dcr the whole the fairest work of the creation. 

But now that we have seen in what manner the ani« 
mal frame is formed, let us Observe how it provides 
for its support, and how.the several organs, which i 

form so complete a whole, are nourished and maintain* ^ 

ed. • • 

This win lead us to a more particular explanation of 
the internal organs : here we shall not meet with so 
much apparent beauty, because these parts were not 
intended by nature to be exhibited to view ; but the 
beauty of de^gn, in the internal organization of the 
animal frame, is, if possible, still more striking thsm 
that of the external part. 

We shall defer this aubject until our next interview. 
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contieriBfatfon xxn. 



On Afttma&zatiofii Mutkiony and Ee^ration* 



Mrs, B. 

Wb have now leamt of what materials the animal 
system is composed, and have formed some idea of 
the nature of its organization. In oi^er to complete the 
subject, it remains for us to examine in what manner 
it is nourished and supported^ 

Vegetables we have observed, obtain their nourish*^ 
ment from various substances, either in their elementa- 
ary state, or in a very simple state of combination ; as - 
carbone, water, and salts, which they pump up from 
the soil ; and cai*bonic acid and oxygen, which they 
absorb from the atmosphere. 

Animals, on the contraty, feed on substances of the 
most complicated kind: for -they derive their suste- 
nance, some from the animal creation, others from the 
vegetable kingdom, and some from both. 

Caroline. And there is one species of animals^ 
which, not satisfied with enjoying either kind of food in 
Its simple state, has invented the art of combining 
them together in a thousand ways, and of rendering 
even the mineral kingdom subservient to their refine- 
ments* 

EmUy, Nor is this all ; for our delicacies are col- 
lected from the various climates of the earth, so that 
the four quarters of the globe are often obliged to con* 
tribute to the preparation of our simplest dishes. 

Caroline* But the very complicated substances which 
constitute the nourishment of animals, do not, I sup* 
pose, enter into their system iii their actual state of 
combination. 

Mrs. B. So far from it, that they not only undergo 
a new arrangement of their parts> but a selection is 
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mmSe of such «8 are most proper for tbe nourishment 
ySe tod7. and those only enter into the system and 
are animaliasd. ^^ 

Bmb,. And by ^hat organs is this process perform- 

Mr» B. Chiefly by the stomach, ii^hich is Uie or- 

mal frame. . . t* « 

JXge,tum is the first step towards »«tnUon. It^- 

d^ h. reducing into one hon"**"""' F^^ *! u ^ 
^ substances^ that are taken as ?<i""»'^Pl«^i.'*Jf. 
nerforroed by first chewing and mixing the sohd sOi^ 
S^Ui the saliva, which reduces it to a soft mass, 
b S sut^ it b conveyed uito the stomach, where 
hfe^oUtompletely&sdlvedby the^«tmy««c.. 

Thisfliud (which i» Becreted into the s^a^by 
appropriate glands) is so powerful a solvent that scarce , 
Ivany substances will resist its action. 

Emily. The coats of the stomach however, cannot 
be attacked by it, otherwise we should be in danger of 
having them destroyed when the stomach was empty. 

Mr» B. They are probably not subject to its ac 
doT; ;s long at least as life continues. But rtapp^ 
SUenthf gastric j'iice has no foreign subs^n^ to 
act upon, it is wpable of occasioning a degree of imtt- 
tion hUhe coats of the stomach, which Produces the 
sensation of hunger. The gastric juice ^Sf *«' Jl™^ 
the heat and muscular action of the stomach, convertt 
tiie aUment into a uniform pulpy mass called chyme. 
This passes into the intestines, where « meets wim 
the bile and some other fluids, by the agency of which, 
and by the operation <rf other causes lutherto unknovm, 
the chyme is changed into chyle, a much thinner sub- 
stance, somewhat resembling milk, which is pumpea 
up by immense numbers of small absorbent vessels 
spread over the internal surface of the intestines. These,. 
after many circumvolutions^ gradually meet and mute 
iuto large branches, till they at length collect the chyle 
into one vessel, which pours Us ctmtents into the great 
vein near the heart, by which means the food, thus 
prepared, enters into th^ cii'culati(Hi. 
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CaroUrie, But I do not yet clearly understand how 
the blood, thus formed, nourishes the body and supplies 
all the secretions. 

Mrs. B. Before this can be explained to you, you 
must first allow me to complete the formation of the 
blood. The chyle may indeed be considered as form- 
ing the chief ingredient of blood ; but this fluid is not 
perfect until it has passed through the lungs, and un- 
dergone (together with the blood that has already cir- 
culated) certain necessary changes that are effected by 

EESPIRATION. 

Carotine, I am very glad that you are going to ex- 
plain the nature of respiration : I have often longed to 
understand it, for though we talk incessantly of breath- 
ing, I never knew precisely what purpose it answered. 

Mrs, B. It is indeed one of the most interesting 
processes imaginable ; but in order to understand this 
function well, it will be necessary to enter into some 
previous explanations. Tell me, Emily, what do you 
understand by respiration ? 

Emily, Respiration, I conceive, consists simply in 
alternately inafiiring air into the lungs, and expiring it 
from them. 

Mrs, B, Your answer will do very well as a gener* 
al definition. But, in order to form a tolerably clear 
notion of the various phenomena of respiration, there 
are many circumstances to be taken into consideraticHi. 

In the ^rst place, there are two things to be distin* 
guished in respiration, the mechanical and the chemical 
part of the process. 

The mechanism of breathing depends on the alter* 
nate expansions and contractions of the chest, in which 
the lungs are contained. *When the chest dilates the 
cavity is enlarged, and the air rushes in at the mouth, 
to fill up the vacuum formed by this dilatation ; when 
it contracts, the cavity is diminished, and the air for- 
ced out again. 

Caroline. I thought that it was the lungs that con- .4* 
tracted and expanded in breathing ? 4. 

Mrs, B. They do likewise ; but their action is on- 
ly the consequence of that of the chest. The lungs, 

C c 
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together with the heart and the largest blood vesselif 
in a manner fill up the cavity of the chest ; they could 
not, therefore, dilate if the chest did not previously ex*' 
pand ; and, on the other hand, when the chest con<« 
tracts, it compresses the lungs and forces the air out 
of them. 

CaroHw. The lungs, then, are like bellows, and 
the chest is the power that works th^m. 

Mrs, B, Precisely so. Here is a curious little £•> 
gure {Plate XI. Fig 29), that will as^st me m e^plain<« 
mg the mechanism of breathing. 

Caroline. What a droll figure S^a little head fixed 
lipoii a glass beU, with a bladder ^ed Over the bottom 
ofit! 

Mrs. B, You must observe that there is another 
bladder within the glass, the neck of which commum^ 
cates with the mouth of the figure—this represents the 
lungs contained within the chest ; the other bladder^ 
which you see is tied loose, represents a muscular 
membrane, called the dia/thragm^ which separates the 
chest from the lower part of the body. By the chest, 
therefore, I mean that large cavity in the upper part 
of the body contained within the ribs, the neck, and 
the cdaphragm ; this membrane is mnsculaT and capa* 
ble of contraction and dilatation. The contraction may 
be iibitated by drawkig the bladder tight over the hot-* 
tom of the receiver, when the air, in the bladder which 
represents the lungs, will be forced out through th< 
mouth of the figure-^-^ 

jB»%. See, Caroline, how it blows the flame of the 
candle in breathing I 

Mrs. B. py letting the bladder loose again, we 
inutate the dilatation of the diaphragm, aiid the cavity 
of the chest being etilarged, the lungs expand, and the 
air rushes in to fill them* 

Bndty. This figure, I thliik, gives a very clear idea 
of the process of breathing* 

Mrs.B. It illustrates tolerably well the action of 
the lungs and diaphragm ; but those arc not the only 
powers that are concerned in enlarging or diminishing 
the cavity of tte chest j the ribs are also possessed of 
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M KHiscular motion for the same purpose ; they are al* 
lemately drawn in edgeways to assist the contraction, 
and stretched out, like the hpops of a barrel, to conr 
tribute to the dilatation of t^p chest. 

Emily. I always supposed that the elevation an4 
depression of the ribs iyere the consequence, not the 
pause, of breathing. 

• MrSf B, It is exactly the reverse. The musculap 
action of the KjjiaphragjT), together wjith that of the ribs, 
are the causes pf the contraction and expans^)n of the 
^hest; and tjgs ajr rushing jntp, ai?d Jbejng expelled 
&om the lungs, are only consequences of those actions. 

Carolifief I confess that I thpught the act of breath? 
ing began by opening the mouth £ov the air to rush ipi 
and that it was tb^ air alone, which, by alternately 
rushing in and out, occasioned the dilatations and conr 
l(^ctions of the lungs and chest. 

Mrs. B. Try thp experiment of nverely opening 
ypur mouth ; the air will not rush in, till by an interior 
muscular action yoU/ produce a vacuum— -yes, just so,, 
your diaphragm is now dilated, and the ribs expanded. 
But you will not be able to keep them Ipng in ^hat state. 
Your lungs and chest are already pesuijjing their former 
state, and expelling the air with which they had just 
been filled. This mechanism goes oi) more or les^ 
rapidly, but in general, a person at rest and in health 
will breatfce between fifteen and tw^entyrflye times in a 
minute. 

We may now prpce^d tp Jhe chemical effects of res- 
piration ; but, for this purpose, it is necessary that you 
should previously have some notion of the circulation of 
the blood. Tell me, Caroline, what do you underr 
^tand by the circulation of the blood ? 

Caroline. I am delighted that you come to that sub« 
jpct, for it is one that has long excited my c^jjigsity.— 
But I carinot conceive hovf it is cpnnppted wjth rcspira? 
tion. Tlxe idea I have of the circulation is, that the 
blood runs frpm the heait through the veins all over thc^ 
body, and back again to the heart. 

Mrs. B. I could hardly have expected a better dcf 
ftnitjpn frop you ; it is, bowf y^r, not quitp cprrjjptj 
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for you do not distinguish the arteries from the -uems^ 
"which, as we have already observed, are two distinct 
sets of vessels, each having its own particular functions. 
The aneries convey the blood from the heart to the ex- 
tremities of the body ; and the veins bring it back to the 
heart. 

This sketch will give you an idea of the manner in 
which some of the principal veins and arteries oi the 
human body branch out of the heart, which may be 
considered as a common centre to both sets of vessels. 
The heart is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dilating and con- 
tracting itself, for the purpose of alternately receiving' 
and expelling the blood, in order to carry on the pro- 
cess of circulation. 

Endly. Why are the arteries in this drawing paint- 
ed red, and the veins purple ? 

Mrs. B. It is to point out the difference of the co- 
lour of the blood in these two sets of vessels. 

Caroline. But if it is the same blood that flows from 
the arteries into the veins, how can its colour be chan- 
ged? 

Mrs, B, This change arises from various circum- 
stances. In the first pkce, during its passage through 
the arteries, the blood undergoes a considerable alter- 
ation, some of its constituent parts being gradually se- 
parated from it for the purpose of nourishing the body, 
and of supplying the various secretions. The conse- 
quence of this is, that the florid arterial colour of the 
blood changes by degrees to a deep purple, winch is 
its constant colour in the veins. On the other hand, 
the blood is recruited during its return through the 
veins by the fresh chyle, or imperfect blood, which 
has been produced by food ; and it receives also lymph 
from the absorbent vessels, as w^ have before mention- 
ed. In consequence of these several changes, the 
blood returns to the heart in a state very different from 
that in which it left it. It is loaded with a greater pro- 
portion of hydrogen and carbone, and is no longer 
fit for the nourishment of the body or other purposes of 
circulation. 
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Mmiy. And in this state does it mix ki the ^eart 
ivith the pure florid blood that runs intq the arteries ? 

Mrs, B, No. The heart is divided into two cavities or 
pompaititions, called the right and left ventricles. The 
left ventricle is the recepticlp for the pure arterial 
blood previous to its circulation ; whilst the venous, qp 
impure blood, which returns to the heart after havjng 
pirc^latedy is received into the right ventricle, previous 
%o its purification, which I shall juresently explain. 

Caroline. For my part, I always thought that th^ 
9ame blood circulated again anc) agaiu through the bor 
j^y, without undergoipg any change, 

Mrs. B. y^t yon TPUSt l^%ve supposed tl^at the 
blood circulated for son^e purpose ? 

Caroline. I knew that it was indispensable to life^i 
tiiut had no idea of its real functions. 

Mrs. B. But i>ow that you understand that the blood 

conveys nourishment to every part of the body, and 

«upplies the various secretionSf yjou must be sensible 

that it cannot constantly answer these objects without 

.being renovated and purified. 

Caroline. But do^s ngit th^ cbyle answer this pur- 

|K)SC ? " 

Mrs. B. Only in part. It renovates the nutritive 
principles of the blood, but does not relieve it from the 
•superabundance of hydrogen and carbone with which 
it is incumbered. 

EmUy. How then is this effected ? 

Mrs. B. By Respiration. This Is qne of the 
grand mysteiites which modem qhenHstryihas disclos- 
ed. When the venous blood enters the left ventricle 
of the heart, it contracts by its muscular power, and 
throws the blood through a large vessel into the lungs, 
which are contig^uous, and through which it circulates 
by millions of small ramifications. Here it comes in 
contact with the air which we breathe. The acdoh of 
the air on the blood .in the lungs is indeed concealed 
from our immediate observation ; but we are able to 
form a tolerably accurate judgment of it from the chan- 
ges which it effects not only in the blood, but al^Q .f3 
tb? air expired, C c %, 
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This air is bund to contain all the nitrogen iaspired, 
but to have lost part of its oxygen^ and to have acquir 
red a portion of watery vapour. IJence it is inferred, 
that when the air comes in contact vnth the venous 
blood in the hings, the oxygen attracts from it the su? 
perabundant quantity of hydrogen and carbone with 
^hich it has impregnated itself during th^ circulation ; 
and that one part of that oxygen cpmbines with the hyr 
<lPOgen, in the form of watery vappur, whilst apother 
part combines with the carbone, which it converts into 
carbonic acid. The whole of these products being« 
then expired, the blood is restored to its former purity, 
that is, to the state of arterial bJood, and is thus ageaq 
enabled to perform its various functions, 

CaroHne, This is truly wonderful ! Of all that we 
have yet leamedj I do t^ot recollect any thing that hai^ 
appeared to me so curious and interes^ng, I a)mos( 
believe that I should like to study anatomy now, though 
I have hxtherto had so disgusting an idea of it. Pray, 
to whom are we indebted for these, beautiful discover 
ries? 

Mrs, B, Crawford, in this country, afid l^avCHsier, 
in France, 9re the principal Inventors of the theory of 
respiration. But the still more important and more ade 
mirable ^scovery of the circulation of the faiood was 
made long before by our immortal countryi|ian, Hervey. 

Ermly, Indeed I never heard any thing that de-. 
lighted Tne so much as this theory of respiration. Bitt 
I hope, Mrs. B« that you will enter a little more into 
particulars before you dismiss so interesting a subject^ 
We left the blood in the lungs to undergo the salutary 
change. But how does it thence spread to all the parts 
of the body ? 

Mrs, B. After circulating through the Iwgs^ the 
blood is collected into four large vessels, by which it 
is conveyed into the left ventricle of the heart, whence 
it is propelled to all the different parts of the body by a 
large artery which grac|^)ally rajniiSes into millions of 
small arteries through the whole frame. From the ex« 
tren)ities of these little ramifications the blood is trans? 
witted to the wins, which bring it back to the, heait 
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^nd lungs, to go rouBd again an4 again in the manner 
we have just described. You see, therefore, that Xh^ 
l)lood actually undeFgoes two circulations ; the one, 
through the lungs, by which it is converted into pur© 
arterial blood j the other, or general circulation, by 
which nourishment is conveyed to every part of the 
l)ody ; and these are both equally indispensable to th^ 
§.\ipport pf animaj life. 

Caroline^. Do we expire all the air that we inspire^ 
|)esides the addition of hydrogen and carbqne which ari^ 
-faken up from the blood ? 

Mrs. Br Yes, excepting sfnall portions of the oxy* 
gen, and of the nytrogpn, which, as they do not reap-; 
jp^ar, are supposed to be absorbed by the blood for 
some purposes which have not yet been clearly ascer-; 
tained. The general opinion, howevap, with regard 
to oxygen, is, that }t serves to stimulate the heart and 
Jceep up its njuscular action^ As to the nitrogen, it 
was supposed to be expired from the lung§, without any 
change or diminution. But it was proved a few year^ 
ago, by some of Mr. Davy*s experiments, which have 
been since confirified by those of professor PlafT of 
Kiel, that a small quantity of nitrogen disappears in 
respiration, and combines with the Sryst^m in a ipanner 
which is not yet well understood. 

Emily, But whence proceeds the hydrogen and earp- 
hone with which the blood is in^pr^gqated when it comeii 
into the lungs I 

Mrs, B, Both hydrogen and carhone exist in a greats 
ier proportion in blood than in organized animal matter. 
The blood, therefore, after supplying its various se? 
cretions, becomes loaded with ah excess of these prin- 
<:iples, which is carried off by respiration. But, be« 
(sides this, the formation of new chyle affords a constant 
6upply of csu'bone and hydrogen. 

Caro&ne. Pray, how does the air cqme in cpntaci 
with the blood in the luiigs ? 

Mrs, B. I cannot answer this question without en*? 
tering into an explanation of the nature and structure 
of the lungs. You recollect that the venous blood on 
i>eing expellpd fxpm the right ventjricle, enters th& 
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lungs to go through what yre may call the lesser cf rcu> 
lation ; the large trunk or vessel that conveys it, bran? 
phes out, at its entrance into the lungs, into an infinite 
pumber of very fine ramifications.— The windpipe, 
which conveys the air from the mouth into the lungsj 
likewise spreads out into a corresponding number of 
fiir vessels, which follow the same^ course as the bIoo4 
vessels, forming millions of very minute air cells. — : 
These two setts of vessels are so interwoven as to form 
fi sort of net-work, connected into a kind of spongy 
inass, in which every particle of blood must necessarily 
4:ome in contact with a particle of air. 

CaroHne. But since thp blood and the ail* are cone 
tained in different vessels, hqw pan they coni^e into cone 
tact? 

Mrs, B, They act on each other through the mem- 
))rane which forms the coats of these vessels ; for al- 
though this membrane prevents the blood and the air 
from mixing together in the lungs, yet it is no impedi-; 
ment to their chemical action on each other. 

JSmly. Are the Iqngs, cqmpqsed entirely of bloo4 
vessels and air vessels ? 

Mrs. B, I believe they are with the addition only 
of nerves and of a small quantity of the cellular sul^ 
stance before mentioned, which pqnnects the who]e in- 
to an uniiform niass. 

Emily, Pray, why are the lungs always spoken <^ 
ii^ the plural number ? is ther^ mojpe than one ? 

Mrs. B. Yes ; for though they form but one orga% 
they really consist of Xyfo compartments called lobes^ 
which are enclosed in. separatie membranes or bag^ 
each occupying one side of tfae chest, and being in close 
contact with each Othey, but without communicating 
together. This is a beautiful provision of nature, i^ 
consequence of which^ if qne of the lobes be wounded^ 
the other performs the whole process pf respiration t^l 
the first is healed. 

' * • * 

But, before we proceed further, I mus; inform yov 
that the chemical theory of respiration, with which 
ypu have just been made acquamted, simple and beauc 
fefiil as it is, has appeared to many philosphers insuf* 
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fjcieht to explain all the phenomena <^ respiration. 
Amongst the various modifications proposed, with a 
view to improve this theory, that suggested by La 
Grange, Hassenfratz, and some other eminent chem- 
ist, appears to be the most important. These philos- 
ophers suppose that the oxygen, which disappears in 
respiration, is absorbed by the blood, and carried with 
it into the circulatiouy duripg which it gradually com- 
bines with the hydrogen and carbone th^ are succes- 
sively added to the circulation, forming the water and 
carbonic acid which are expelled from the lungs at each 
expiration. Thus the process, instead of being com- 
pleted in the lungs, as the former theory supposes, on- 
ly begins in that organ, and cotninues throughout the 
circulation. 

According to this theory, the florid colour of arterial, 
blood depends upon the addition of oxygen, 90 that this 
colour gradually vanishes as the blood passes from the 
arterial to the venous state, that is to say, as the Qxygen 
enters into combination with the hydrogen and carbone 
during circulation. 

Caroline. There does not appear to me to be any 
very essential difference in these two theories, since 
in both the oxygen purifies the blood by combining with 
and carrying off the matter which had accumulated in 
it during circulation. • 

Mrs, B, Yes ; but, in medical, or rather phisio- 
logical science, it must be a question of great impor- 
tance, whether the oxygen actually enters the circula- 
tion, or whether it proceeds no further than the lungs. 

The blood thus completed, forms the most com- 
plex of all animal compounds, ance it contains not on- 
ly the numerous materials necessary to form the various 
secretions, as saliva, tears, Sec. but likewise all those 
that are required to nourish the several parts of the 
frame, as the muscles, bones, nerves, glands, &c. 

Emily. There seems to be a singular analogy be- 
tween the blood of animals, and the sap of vegetables ; 
for each of these fluids contain the several materials 
destined for the nutrition of the numerous class of bo- 
dies to which they respectively belong* 
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Mrs. B, Nor is the production of these fluids in 
die animal and vegetable systems entirely difTerent ; 
for the absoriient vesnels, m hich pump up the chyle 
from the stomach and intestines, m^y be compared to 
the absorbents of the ropts of plants, which suck up 
the nourishin^nt fropi the soil. And the analogy be* 
tween the sap and the blood may be still further tracedt 
if we follow the latter in the course of its circulation ; 
for in the living animal, wie find every where organs 
which are possessed of a power to secrete from the 
blood and appropriate tp thems^lve$ the ingredients re^ 
quishe for theii; support. 

QaroSne. But whence does tbes^ organs derive their 
respective powers ? 

Mrs. B, Fnim peculiar organi^tion, the secret of 
which no one has yet ever been able to unfold. But it 
inustbe ultimat<?ly by nieans of the vital principle that 
both their m^cha{4a(l and cheniical ppwers are brought 
into action, 

I cannot dismiss the subject of circulation without 
mentioning fiertfdrarumy a secretipn which is immed^ 
ately connected with it, and act§ a most iippprtanf par( 
in the animal economy. 

Caroline, Is ngt this secretion likewise niade by apt 
propriate glands ? 

Mrs. B/ No « it is performed by die extremities of 
the arterii^.S) which penetrate through the skin and terr 
xninate updisr the cuticle, through the pores of which 
the perspiration issues. When this fluid is not secret? 
ed in excess, it is ins(7isi^iey because it is dissolved by 
the air as it exudps from the pori&s : but when it is se- 
creted faster than it can be dissolyp(], it b^cpmi^s sensia 
pkj as it assumes its liquid state. 

Emily. Xhis secretion bears a strikii^ resemblance 
to the trapspiratiqp of the sap o| plants. They both 
consist of the most ^ii.id parts, and bpth pxude from 
the surface by the extremities of the vessels through 
^hich they circulate. 

^ Mrs, B.. And the 9naIogy does not stop there ; iorj 
«ince it has been ascertained that the sap returns intg 
ihp roots of the plants; the resemblance between th^ 
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animal &nd regetable circulation is become still mor« 
obvious. The latter, however, is far from being com-* 
plete, since, as we observed before, it consists only 
in a rising and descending of the sap, whilst in animals 
the blood actually circulates through every part of the 
system. 

We have now, I think, traced the process of nutri- 
tion from the introduction of the food into the stomach 
to its finally becoming a constituent part of the animal 
frame. This will, therefore, be a fit period to conclude 
our present conversation. What further remarks we 
have to make on the animal economy shall be reserved 
for our next interview* 



Contjerjjation xxni 



On Amrnal Heat : and on various Anknal Products* 



Efmly. 

Since our last interview, I have been thinking much 
of the theory of respiration '^ and I cannot help being 
struck with the resemblance whkh it appears to bear 
to the process of combustion. For in respiration, as id 
most cases of combustion^ the air suffers a change, and 
a portion of its oxygen combines with hydrogen and 
carbone, producing carbonic acid and water. 

Mrs. B, lam much pleased that this idea has oc« 
curred to you : these two processes appear so very anal« 
.ogousy that it has been supposed that a kind of com<» 
bustion actually takes place in the lungs ; not of the 
blood, but of the superfluous hydrogen aad carbone 
which the oxygen attracts from it. 
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Caroline. A combustion in our lungs ! that is a curi- 
ous idea indeed ! But, Mi's. B. how can you call the 
action of the air on the blood in the lungs, combusti(»), 
when neither light nor heat are produced by it ? 

Emily, I was going to make the same objection. 
Yet I do not conceive how the oxygen can combine with 
the hydrogen and carbone, and produce water and car- -^ 
bonic acid) without disengaging heat ? 

Mrs. B. The fact is, that heat is disengaged. 
Whether any light be evolved, I cannot pretend to de- 
termine ; but that heat is produced in condderable and 
very sensible quantities is certain, and this is the prin- 
pal, if not the only source of animal heat. 

Mndly, How wonderful 1 that the very process which 
purifies and elaborates the blood, should afford an in- 
exhaustible supply of internal heat ! 

Mrs. B, This is the theory of animal heat in its 
original simplicity, such as it was first proposed by Black 
and Lavoisier. It is equally clear and ingenious ; and 
was at first generally adopted. But it was object- 
^d| on second consideration, that if the whole ot the 
animal heat was evolved in the lungs, it would neces- 
sarily be much less in the extremities of the body, than 
immediately at its source ; which is not found to be the 
case. This objection, however, wliich was by no means 
frivolous, is now satisfactorily answered by means of 
the improved theory of respiration which I mentioned 
last. According to this hypothesis, you recollect, the 
changes which the blood undergoes in consequence of 
respiration only begin in the lungs and gradually con- 
tinue during circulaticoi. Therefore the animal heat, 
which is the consequence of those changes, likewise 
begins in the lungs, and afterwards continues during 
the whole circulation ; and heat is thus unifbrmly dif- 
fused throughout every part of the body. 

CaroHne. More and more admirable ! 
. Mra. B, Now let me hear v^rhether you can explain 
how animal heat is produced. You, Caroline, teU me 
in what manner it is first evolved in- the lungs ? 

Caro&ne. Part of tlje ' oxygen gas inspired, imme- 
diately combines in the lungs witib the loose carbone 
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and hydrogen of the venous blood ; and the caloric evolv' 
ed during this combination^ becomes animal heat. 

Mrs, B, Very well ; but you must observe, that 
the whole of the oxygen inspired at a breath is not con- 
sumed by one respimtion : a considerable part of it is 
expired, so that we may breathe the same portion of 
air several times before the whole of the oxygen is ex- 
pended. — Now, Emily, will you exphiin to me in what 
manner an uniform degree of heat is kept up through- 
out the body ? 

Emily, A quantity of oxygen enters into the circu- 
lation during which it gradually combines with the hy- 
drogen and carbone of the blood, thus producing a con- 
stant disengagement of heat throughout every part of 
the body. 

Mrs, B, Very well, indeed. You have in, a few 
words stated nearly all that can be said on the subject. 
I must, however, mention another circumstance which 
may contribute to account for the gradual evolution of 
animal heat. It appears, from some experiments, that 
the blood, inconsequence of the successive changes it 
undergoes during circulation (by which it is gradually 
converted from arterial into venous blood), has its ca- 
pacity for caloric diminished. What must be the con- 
sequence of this ? 

JEmUy, That heat, of course, must be disengaged. 

Mrs. B, Exactly so ; and thus an additional quan- 
tity of animal heat must be generated. However, the 
•, heat produced in this way is but trifling, and could on- 
ly account for a very small portion of the animal tem- 
perature. 

. QarQline, The cause of animal heat was always a 
perfect mystery to me, and I am delighted with its ex- 
planation. — But pray, Mrs. B. can you tell me what is 
the reason of the increase of heat that takes place in a 
fever ? 

Mnuiy. Is it not because we then breathe quicker, and 
therefore more heat is disengaged in the system ? 

Mrs.B, That may be one reason : but I should think 
that the principal cause of the heat experienc«l hi £e- 
vers; is^ that there is no vent for the caloric which i$ 

Dd 
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generated in the body. One of the most considerablef 
secretions is the insensible perspiration; this is con-' 
stantljT carrying oW caloric in a latent state ; but during^ 
the hot stage of a fever, the pores are so contracted 
that all perspiration ceases, and the accumulation of cal-* 
oric in the body occasions those burning sensations that 
are sa painful. 

Emily. This is, no doubt, the reason why the perspl- 
tation that often succeeds the hot stap;e of a fever aSbitls 
so much relief. If I had known this theory of animal 
heat when I had a fever last summer, I think L should 
have found some amusement in watching the chemical 
processes that were going on witliin me# 

Caroline. But exercise likewise produces animal 
heat, and that must be quite in a different manner. 

Mr^ B. Not so much so as you thiiik ; for the more 
exercise you take, the more the body is stimulated, and 
requires recniiting. For this purpose the circulation 
of the blood is quickened, the breath proportionablyac* 
eelerated, and consequently a greater quantity of calo* 
ric evolved. 

Caroline, True ; after running very fast, I gasp for 
breath, my respiration is quick and hard, suid it i^ just 
then that I begin to feel hot. 

Eifuly, It would seem, then, that violent exercise 
shoiild produce fever. 

Mrs, B, Not if the person is in a good state of health j 
for the additional caloric is then carried off by the per-* 
spiration which succeeds. 

Emily, What admirable resources nature has pro- 
vided for us ! By the production of animal heat she has 
enabled us to keep up the temperature of our bodies 
above that of inanimate objects ; and whenever this 
source becomes too abundant, the excess is carried off 
by perspiration. 

Mrs4 B. It is by the same* law of nature that we 
are enabled, in all climates, and in all seasons, to pre-* 
serve our bodies of an equal temperature, or at least 
very nearly so. 

Caroline 4 You cannot mean to say that our bodies 
arc of the same temperature in summer and in winter^ 
in England and in the West Indies ? 
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' Mrs, B, Yes, I do ; at least if yoii speak of the tero» 
perature of the blood, and the internal parts of the body ; 
for those parts that are immediately in contact with the 
atniosphere, such as the hands and face, will occasionally 
get warmer, or colder, than the interaal or more shel- 
tered parts. But if you put the bulb of a thermometer 
in your mouth, which is the best way of ascertaining the 
real temperature of your body, you wHl scarcely pe re- 
ceive any difference in its indication, whatever may be 
the difi^rence of temperature of the atmosphere. 

CgroUne, And when I feel overcome by heat, I am 
xeally not hotter than when I am shivering with cold t 

Mrs, B. When a person in health feels very hot, 
whether fropm internal heat, from Violent exercise, or 
from the temperature of the atmosphere, his body is 
^certainly a little warmer than when he feels very cold ; 
but this difference is much smaller than our sensations 
would make us believe ; and the natural standard is soon 
restored by rest and perspiration. I am t.ure you will 
be surprised to hear that the internal temperature of 
the body scarcely ever descends below 95© or 9 60, and 
hardly ever attains 104« or iOS©, even in the most vio» 
Ipnt fevers, 

Emily, The greater quantity of caloric, therefore, 
that we receive from the atmosphere in summer, cannot 
raise the temperature of our bodies, beyond certain 
limits, as it does that of inanimate bodies, because an 
excess of caloric is carried off by perspiration. 

Qaroline, But tlie temperature of the atmosphere^ 
and consequently that of inanimate bodies, is surely nev- 
er so high as that of animal heat ? 

Mra, B, I Leg your pardon. Frequently in the East 
and West Indies, and sometimes, io the southern parts 
of Europe, the atmosphere is abo>^ 989, which is the 
common temperature of animal heat. — Indeed, even in 
this country, it occasionally happens that the sun's rays,- 
setting full on an object, elevate Its temperature above 
that pdbt. 

In illustration of the power which our bodies have to 
resist the effects of external heat, Sir Charles Blagden, 
with some other gentlemen, made several very curious 
;experi9ii^nt& tie remained for spnie time in^p gv^n 
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heated to a temperature not much inferior to that of 
boiling; water, without suffering any other inconven'r 
rcnce than a profuse perspiration, whkh he supported] 
by drinking plentifully. 

jEwiiy, He could scarcely consider the pei^spiratlonl 
as an inconvenience, since it sav^d him fix>in being ba-| 
ked, by giving vent to the exess of caloric. 

Caro&ne^ I always thought) I Qonfess^ that it was 
from tht? heat of the .perspiratipn t,hat we suffered ia 
summer. 

Mrs^ B, You now fipd th^t you w^re quite mistaken^ 
Whenever evaporation takes place, cold, you know, is 
produced in consequence of a quantity of caloric being 
carried ofi* in a latent state ; this is the ca^e with per- 
spiration, and it is in this way that it affonls relief. It 
is for the same reason that tea is often refi^shing in 
sutumer, though it appears, to hi^at yoii. at the moment 
you drink it. 

J^mly* And ip wipter, on the contrarjc, tea is pleas-, 
ant on account of its heat. 

Mr9,, jB,. Xes ; for we ha\:e then rather to guard 
against a deficiency than an excess of caloric, and ^o^ 
dp niot find that tea will excite perspiration i^ winter, un- 
less after dangipg, qt any other violent exercise., 

Caroline^ What is the reason, that it is dangerous ta 
eat ice after dancing, or to drinjk any thing cold whet^ 
one is very hot^? 

Mrs. B. Because the joss of heat arising from the 
perspiration, conjointly with the chill occasioned by thq, 
cold draught, produces mpre CQjd.thao can he borne with 
safety, unless you continue to use the same exercise afi 
ter drinting that you ilid before ; fpr the heat occasion^ 
cd by the exercise will counteract the effects of the cold: 
drink, and the danger will be removed. You may, howi 
ever, contrary to the comrpon notion, consider it as a' 
rule, that cold liquids may at all times, be drunk with 
perfect safety, however hot you may feel, provided yoij 
are not at the moment in a state of great perspiration, 
and on condition that you keep yourself in gentle exer-~ 
cise afterwards. 

Emily. But since we are furnished "with such re- 
sources against the extremes of heat or c^, 1 should: 
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have thought that all climates wrould have been equally 
wholesome. 

Mrs. B, That is true, in a certain degree, with re- 
gard to those who have been accustomed to them from 
birth; for we find that the natives of those climates, 
which we consider as the most deleterious, are as heal- 
thy as ourselves ; and if such climates are unwholesome 
to those who are habituated to a more moderate tempe- 
jpature, it is because the animal -economy does not easily 
accustom itself to considerable changes. 

Caroline, But pray, Mrs. B. if the circulation pre- 
serves the body of an uniform temperatiu'e, how does it 
happen, that animals are sometimes frozen ? 

Mrs, B., Because if more heat is carried off by the 
atmosphere than the circulation can supply, the cold 
will finally prevail, the heart will cease to beat, and the 
janimal will be frozen. And likewise, if the body re- 
mained long exposed to a degree of heat, greater than 
^e perspiration could carry oif, it would at last lose the 
power of resisting its destructive influence. 

Caroline, Fish^ I suppose, have no animal heat, but 
partake of the temperature of inanimate objects ? 

JSmity. And their coldness, no doubt, proceeds from 
their riot breathing ? 

Mrs. B, All kinds of fish, I believe, breathe more 
or less, though in a much smaller degree than land ani^ 
mals. Nor are they entirely destitute of animal heat, 
though for the san>€ reason they are much colder than 
other creatures. They have comparatively but a very 
small quantity of blood, therefore but little oxygen is re-t 
:quired, and a proportionally small quantity of animal 
heat is generated. 

Caroline. But how can-fish breathe under water ? , 

Mrs, B. Some of them raise their heads above the 
water to breathe ; and others are supposed to be endow- 
ed by nature with the power of decomposing water and 
absorbing oxygen from itt Besides, water always con-, 
tains air mixed with it, which the fish may possibly ap- 
ply to the purposes of respiration. Whatever the case 
may be, it is certain that several kinds of fish have re-^ 
^ervwrs of air, or air bags, from which they havejpi?eb* 

Dd2 
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ably the means of supplying Uie ^Is, an organ wfai^lv 
in the respiration of fish, answers tlie double purpose 
of mouth anc} tungs«. 

Caroline. Are- there ai>y species of animpjs th^jt 
breatlie moce than we do? 

Mrs. B. Yes; birds, o£ all anknak, breathe the g:rea^> 
est quantity of air in proportion to their aze ; and it ift 
to this that they aite supposed to o\i*e the- peculiar fimn-- 
ness and strengtli of their muscles, by which the^ are 
enabled to support the violent exertion of flying. 

This diSercnce between bii'dsand ^i^h, whiph Dria7 
be considered as the two extremes of tjie scale of mvis« 
cular strength, i^ well worth observing. Birds resid? 
ing constantly in the atrnQ^phere, surrounded by ox- 
ygen, and respijins it ip greater propprtions than aixy. 
other species qf animals, ai:e endowed with a su^rioi: 
degree of muscular strength, whilst thg muscles of 
fibh, on tjh^ contrary,, are ^acci^l and oily ;. these ani- 
mals are comparitively sipw and feeble, in their mo-. 
tions, and thgir tempei*ature i? scarcely, above that of 
the water in which. they live, Thi§ is, ir| all probabili- 
ty, owing to their imperfect respiratibp ; the quantity, 
of hydrogen and carbone, that is in consequence accu- 
Tn\tlated in their bodies, forms the oil which is so 
strongly characteristic of that species of animals, and* 
-which relaxes and softens the small* quantity- of fibrine 
which their muscles contain. 

Caroline . But, Mrs. B. there are some spccjes of 
birds that frequent both elements, as, for instance, 
ducks and other water fowl. Of wh^t nafui'e is.the^ 
flesh of these ? 

Mrs. B. Such birds, in general^ maHe but ItUle use 
of their wings ; if they fly,, it is but feebly, and only 
to a short distance. Their flesh too partakes of the 
oily nature, andeven in taste -sometimes resembles that 
offish. This is the case not only with the various- 
kinds of water fowls, but with all other amphibious an- 
imate, as the otter, the crocodile, the lizard^ &c. 

Caroline, And what is the reason that reptiles 2^rc 
so deficient in muscular strength ? 

Mrs, B, It is because they usually, live under 
ground, and seldom come into the atmosphere. — They 
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kave imperfect, and soTnetimes no discernible ergtiDS; 
of respiration, they partake therefore of the soft oily 
nature of fish ; indeed, many of them are amphibious^ 
gs frogs, toads^ and snakes, a&d very &w of them find 
any difficulty iii remaining a length of time under wa^ 
ter. Whilst, on the contrary, the insect tribe that are. 
so strong in proportion to their size, and; alett in their 
^notions, partake of the nature of birds, air being their 
peculiar element, and their organs of respiration being 
comparatively larger than ii other classes of animals.. 
I have now given you a short account of the princi- 
pal animal functions.. However interesting the subject, 
may appear to, you,, a fuller iYivestfgatioa of it would,. 
X fear, lead us tqo far frona our object. 

Emily, Yet I shall not quii it without much regret ;, 
for of all the brarw^hes of chemistry, it is. certainly the 
most curious and most interesting. 

Caroline. But, Mrs. B, I must remind you ths^t 
you promised to give us some account of tlie nature of 
iid/k, 

Mrs,, B. True.^ Tliere are sevepa] other animat 
productions that deserve likewise to be mentioned. We. 
stiall bQgin with milk, which is certainly tlKj most im-- 
pprtant and most interesting of all the aniiual secreUons.. 

Mi]k, like all other animal substances, ultimately 
yiplds by analysis, oxyge^n, hydrogen, carbone, and. 
nitrogen. These are combined in it under the forms^ 
of albumen, gelatine, oil, and waters But milk con- 
tains, besides, a considerable portion of phosphat o£ 
liipe, the purposes of which, I have alrjeady pointed . 
out. 

Caroline,. Yes ; it i^ the salt whicb serves to nou- 
rish thQ tender bones of the suckling ? 

Mra, B,. To reduce milk to. its elements would be 
a very complicated, as- well as useless operation; but 
this fluid, without any chemical assistance, may be de- 
composed into three parts, creamr. curdsy and whey,-^ 
These constituents of milk have but a very slight afiin-w 
ity to each other, and you find accordingly that cream 
separates from milk by meie standing. It consists, 
chiefly of oil, wliich being lighter than the otlier paita 



( SS2 ) 

rftbe imlkf gradually rises to the surface. It is of this, 
you know, that butter is made^ which is nothing more 
than oxygenated cream. 

Caroline. Butter, then, is somewhat analogous to 
the waxy substance formed by the oxygenation of veg- 
etable oils. 

Mr8. B. Very much so. 

Endbf, But is the cream oxygenated by churning ? 

Mra. B. Its oxygenation commences previous to 
chumine, merely by standing exposed to the atmos^ 
phere, from which it absorbs oxygen. The process 
is afterwards completed by churning ; the violent mo- 
tion which this operation occasionsi brings ey^xy par« 
tide of cream in contact with the atmosphere, and 
thus facilitates its oxygenation. 

QaroRne. But the effect of churning, I have often 
observed in the dairy, is to separate the cream inta 
two substances, butter, and butter-milk ? 

Mrs, B. That is to say, in proportion as the oily 
particles of the cream become oxygenated, they sepa- 
rate from the other constituent parts of the cream in 
the form of butter. So by churning you produce, on 
the one hand, butter, or oxygenated oil ; and, on the 
'Other, butter-milk, or cream deprived of oil.<^But if 
you make butter bv churning new milk instead of creamy 
the butter-milk will then be exactly similar in its pro« 
perties to creamed or slummed milk. 

CaroRne, Yet butter^milk is very different tvonk 
common skimmed nuik^ 

Mrs. B. Because you know it is customary, In 
order to save time and labour, to make butter from 
cream alone. In this case, therefore, the butter-milk 
is deprived of the creamed milk, which contedns both 
the curd and the whey. Besides, in consequence of 
the milk remaining exposed to the atmosphere during 
the separation of the cream, the latter beconies mofe 
or less acid, as well as the butter«milk which it yields 
in churning. 

Emily ^ Why should not the butter be equally acicU- 
fied hy oxygenation ? 

Mr§^ B, Animal oilis not ,ao easily acidified as, the 
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other ingredients of milk. Butter, therefore, though 
usually made of sour cream, is not sour itself, because 
the oily part of the cream had not been acidified. But- 
ter, however, is susceptible of becoming acid by an 
excess of oxygen ; it is then said to be rancid, and pro-^ 
dqces the seback acM, the same \rhlch is obtained 
from M, 

Emily, If that be the case> might not rancid butter 
be sweetened by mixing with it some substance that 
would take the acid from it \ 

Mrs, B, This idea has been sugfi^ested by Mr. Da- 
vy, who supposes, that if rancid butter were well wash* 
ed in an. alkaline soluticun^ the alkali would separate the 
acid from the butter. 

Caroline. You said just now that creamed milk con- 
sjisted oi ciuxi and Whey. Prav how are these separa« 
ted ? 

Mre, B. They may be separated by standing for a 
cenain length of time exposed to the atmosphere ; but 
this decompo^tion may be almost instantaneously ef« 
fected by the chemical agency of a variety of sul^tan« 
(^Q8. Alkalies, rennet,* and indeed almost all animaf 
substances, decompose mHk by combinioig with th^ 
curds. 

Acids and spirituous Hquors, on the other hand, pro^ 
duce a decomposition by combining with the whey. la 
order therefore to obtain . the whey pure, rennet, or 
alkaline subst^ces, must be used to attract the curda 
fromix. 

But if it be wished, to obta^ the cujxis p.ure^ the^, 
'«i[hey must be separated by acids^ wipe^ oi: other spi<« 
rituous liquors* 

Emily* This is a very useful piece of information 5 
$>r I find whke wine whey, which I sometimes take: 
when I have a cold, extremely heating ; now, if tho; 
whey were separated by means of fcu ^kall instead of 
yfvn^y it coujd not produce that ^ffeqt. 

* Rcnnpt is the name gtven t<i a ipofery inflmon of the* 
coats of the stomach of a sticking calf /if* remarkable ef-y 
ficqcy in promoting coagulation is sufifiosed to defiend ork 
the gastric juice vnth which it w impregnated,^ 
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3£rs, B, Pertiaps not. But I wouU strenuously ad» 
vise you not to place too much reliance on your slig'iit 
chemical knowledge in medical matters, I do not knoniF 
why whey b not separated from purd liy rennet, or bv* 
an alkali, for the purpose which you mention ; but I 
etroDgly suspect there must he some good reason why 
the preparation by means gf wine is generally prefer* 
red. I can, however, sa&ly point out to you a method 
of obtaining whey witliout either alkali, repnet, cm* 
wine ; it is by substituting lemon juice, a very small 
ijuantity of which 'ivill separate it from th^ curds. 

Whey, as an artiele of diet, is very wliolesome ; it 
is the most nutritive part of the milk, and the lightest 
of digestion. But its effect, taken medicinally^is chiefs 
)y, I believe, to excite persx^ration, by being drunk 
warm on going to bed. 

It appears that the nutritive particles of whey may be 
obtained in crystals by evaporation ; ii) this state they 
are called salts, or more commonly sugar of milk. This 
salt is sweet to the taste, and in its composition is so 
analogous to sugar, that It is susceptible of undergoing 
the lanous fermentation. 

Caroline, Why then is not win^j or akphol, jnad^ 
from whey ? 

Mrs. B. The quantity of sugar contained in milk 
is so triiiing that it can hardly answer for that purpose* 
I have heard of only one instance of its being used for 
ihp production of a spirituous lic)U9r, a|i4 t|iis is bj 
the Arabs ; their abundance of horses as.weU as tiiieir 
scarcity of fruits, has introduced the fermentatiofi of 
mares' milk, by which they produce a liquor called 
f:ou7mss* Whey is likewise susceptible of being acidLr 
fied by combining with oxygep fron\ the atraospheripj 
It then produces thp lactic gcid^ whiph you may recolr 
lectls mentioned amongst the apimalapids, as the acid 
of milk, 

Jjet us now see what are the properties of curds, 

Emily, I know that tli^ are made into cheese ; but 
I have heard that for that purpose they are separated 
from the whey by rennet, and yet this you have just told 
lis is not the method of obtaining pure curds ? 

Mrs, B, Nor Are pure cur(J^ so w^U adapted for the 



( 333 ) 

formation of cheese* For the nature and flavour of the 
cheese depends, in a great measure, upon the cream 
6r oily- matter which is left in the curds ; so that if eve- 
ry particle of cream be removed from the curds, the 
clieese is scarcely eatable. Rich cheeses, such aft 
cream and Stilton cheeses, derive their excellence from 
the quantity, as well as the quality of the cream that 
enters into their composition. 

Caroline, I had no idea that milk was such an inter- 
esting compound. In many respects there appearslo 
me to be a very striking analogy between milk and the 
contents of an egg, both in respect to their nature and 
their use. They are, each of them, composed of the 
various substances necessary for the nourishment (^ the 
young animal, and equally destined for that purpose. 

Mrs, B, There is, however, a very essential dif» 
ference. The young animal is forvned, as well as nour- 
ished . by the contents of the egg-«hell ; whilst milk 
sei'ves as nutriment to the suckling, only after it is bom. 

There are several peculiar animal substances which 
do not enter into the general enumeration of animal 
Compounds, and whichf however, deserve to be men- 
tioned. 

Sfiermaceti is of this class ; it is a kind of oily sub^' 
stance obtained from the head of the whale, which^ 
however, must undergo a certain preparation before it 
is in a fit state to be made into candles. It is not much 
more combustible than tallow, but it is more pleasant to 
bum, as it is less fusible and less greasy. 

jlmbergris is another peculiar substance derived from 
a species of whale. It is, however, seldom obtained 
from the animal itself, but is generally found floating 
on the surface of the sea. 

Waxy you know, is a concrete oil, the peculiar pro- 
duct of the bee, part of the constituents of which may 
probably be derived from flowers, but so prepared by 
the organs of the bee, ^and so mixed with its own sub- 
stance, as to be decidedly an animal product. Bees'- 
wax is naturally of a yellow colour, but it is bleached 
by long exposure to the atmosphere, or may be instan- 
taneously whitened by the oxy-muriatic acid. The 
combustion of wax is far more perfect than that of tal- 
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low, and cometpitntly produces a greater quantity of 
light and heat. 

JjK b a substance very similar to wax in the man- 
ner of its formatidn ; it is the product of an insect which 
collects its ingredients from flowers, apparently for the 
purpose of protecting its eggs from injury. It is iocvor 
ed into cells fabricated with as m\ich skill as those of 
the honey-comb, but differently arranged. The prin- 
cipal use of lac is in the manufacture of sealing-wax, 
and in dying scarlet. 

Muhk^ over, and car«/or, are other pardculai* produc- 
tions, from different species of quadrupeds. The two 
first are very powerful perfumes ; the-latter has a nau- ' 
seous smell and taste, and is only used medicinally. 

Caroline. Is it from this substance that castor oil is 
obtained ? 

Mrs. B. No. Far from it, for castor <ul is a veget- 
able oi), expressed from the seeds of a particular plant ; 
and has not the least resemblance to the medicinal sub- 
stance obtained from the castor. 

Silk is a peculiar secretion of the silk worm, ivith 
which it builds its nest or cocoon. This insect was 
originally brought to Europe fiom China. Silk, in its 
chemical nature, is very similar to the hair and wool of 
animals. The moth of the silk worm ejects a liquor 
which appears to contain a particular acid, called dom^ 
6ic, the properties of which are veiy little known. 

Emily, Before we conclude the subject of the ani- 
mal economy, shall we not leam by what steps animals 
retui*n to their elementary state ? 

Mrs, B, Animal matter, although the most com- 
plicated of all natural substances, returns to its elemen- 
tary state by one single spontaneous process, the /luttid 
fermentation. By this, the gelatine, albumen, and fi- 
brine, are slowly reduced to the state of oxygen, hy- 
drogen, nitrogen, and carbone ; and thus the circle of 
changes through which these principles have passed 
is finally completed. They first quitted their elemen- 
tary form, or their combination with unorganized mat- 
ter, to enter into the vegetable system.— Hence they 
tvere transmitted to the animal kingdom; and from 
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this they return again to their primitive simplicity, sooh 
to re-enter the sphere of organized existence. 

When all the circumstances necessary to produce 
fermentation do not take place, animal, like vegetable 
matter, is liable to a partied or imperfect decomposition, 
vtrhich converts it into a combustible substance very 
like spermaceti. I dare say that Caroline, v^ho is so 
fond of analogies, will consider this as a kind of animal 
bitumen. 

CaroUne^ And why should I not, since the process* 
es, that produce these substances are so similar. 

Mrs. B. There is, however, one considerable dif- 
ference ; the state of bitumen seems permanent, whilst 
that of ammal substances, thus imperfectly decompo- 
sed, is only transient ; and, unless precautions be taken 
to preserve them in that state, a total dissolution in- 
fallibly ensues. This circumstance, of the occasional 
conversion of animal matter into a kind of spermaceti, 
is of late discovery. A manufacture has in consequence 
been established near Bristol, in which, by exposing 
the carcases of horses and other animals K>r a length 
of time under water, the muscular parts are converted 
into this spermaceti^ike substance. The bones after- 
wards undergo a different process to produce harts- 
horn, or, more properly, ammcraia, and phosphorous ; 
and the skin is prepared for leather. 

Thus art contrives to enlarge the sphere of useful 
purposes, to which the elements were mtended by na- 
ture ; and the productions of the several kingdoms are 
frequently arrested in their course, and variously modi- 
fied, by human skill, which compels them to contribute, 
under new forms, to the necessities or luxuries of man. 
But all that we enjoy, whether produced by the 
spontaneous operations of nature, or the ingenious ef- 
forts of sot, proceed alike from the goodness of Pro- 
vidence.— -To GOD alone man owes the admirable 
ifaculties which enable him to improve and modify the 
productions of nature, np less than those productions 
themselves. In contemplating the works of the crea- 
tion> or studying the inventions of art, let us, there- 
fore, never forget the Divine Source from which they 
proceed ; and thus every acquisition of knowledge wiU 
prove a lesson of piety and virtue* 

E e SNS Of TRB X.OK0OM COPT* 
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An abridgement qf the Bakerian Lecture on the decannpO' 
sitha of thefijDed aika&cB and the exhibition of the Tiew 
mihattaiceB which constitute their ^aen : by Huanfihrey 
Dtrxfyj esq. secretary of the Royal Society, 

Thb researches I had made on the decomposition of 
iMrids, and of sdkaiine and earthly neutral compounds, 
proved that the powers of electrical decomposition 
"Were proportional to the strength of the opposite e]ec« 
tricities in the circuit, and to the conducting power and 
degree of concentration of the materials «mplo)red. 
In the first attempts I made on the decomposition qf 
the fixed alkalies, I acted upon aqueous solutions of 
potash and soda, saturated at common temperatures, by 
the highest electrical power I could command, and 
which was produced by a combination of voltaic batte- 
ries, belonging to the Royal Institution, containing -84 
plates of copper and adnc of 12 inches square, 200 
plates of 6 inches, and 150 of 4 inches square, t:harg* 
ed with solutions of alum and nitrous acid ; but in these 
cases, though there was a high intensity of action, the 
water of the soluticms alone was effected, and hydrogen 
and oxygen disengaged with the production of much 
heat and violent effervescence. The presence of vra- 
ter appearing thus to prevent any decomposition, I used 
potash in igneous fu^on. By means of a stream of oxy- 
gen gas from a gasometer applied to the flame of a 
spirit lamp) which was thrown on a platina spoon con- 
taining potash, this alkali was kept for some minutes 
in a strong red heat, and in a state of perfect fluidity. 
The spoon Was preserved in communication with the 
positive side of the battery, of the power of 100 of inch- ' 
es, highly charged ; and the connecdon from the neg- 
ative side was made by a platina wire. By this ar- 
rangement some brilliant phenomena -were produced. 
The potash appeared a conductor, in a high degree, 
and as long as the communication^as preserved, a most 
intense light was exhibited at the negative wire, and 
a column of ^me, which seemed tobe owing tothedevel- 
opement of combustible matter, iirbse from the point 
ot contact. When the o^der was changed, so thattho 
platina spoon was made negative,. a vivid, <:onstant light 
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d-ppeaxed at the opposite pobt. There was no eSTecl 
of infiammatioQ round it^ but aeriform globules, which 
inflamed in the atmosphere, rose through the potash. 
Th^platina, as might have been expected, was con- 
siderably acted upon ; and in the cases when it had 
been negadve in the highest degree. 

The alkali was apparently dry in this, experiment ; 
and it seemed probable, that the infiammable matter 
arose from its decomposition. The residual potash 
was unaltered ; it contained, indeed, a number of dark 
grey metallic particles, but these proved to be derived 
from the platina. 

I tried several experiments on the electrization of 
potash, rendered fluid by heat, with the hopes of being 
able to collect the combustible matter, but without suc- 
cess ; and I only attained my object, by employing 
electricity, as the comnion ageiat for fusion and decern- 
posidon. Though potash, perfectly dried by ignition, 
is a non-<:onductor, yet it is rendered a conductor by a 
very slight addition of moisture>*'which does fiot per- 
ceptibly destroy its aggregation ; and in this state it 
seadily fuses and decomposes by strong electrieal pow* 
etrs. 

A small piece of pure potash, which hadqeen ex- 
posed for a few seconds to tlve atmosphere, so as to give 
conducting power to the surface, was placed upon an 
insulated disc of platina, connected with the negati\'e 
side of the battery',' of the power of two hundred and 
fifty of six and four, in a state of intense activity ; and 
a platina wu^e, communicating with the positive side, was 
brought in contact with the upper surface ^ the alka- 
li. The whole apparatus was in the open atmospheice. 

Under these circumstances, a vivid action was soon 
observed to take place. The potash began to fuse at 
both its points of electrization. There was a violent 
effervescence at the upper surface : at the lower or 
negative surface,, there was no liberation of elastic flu- 
id ; but small globules, having a high metallic lustre, 
and being precisely similar, in visible characters to 
quicksilver, appeared ; some of which burnt vrith ex- 
plosion, and bright flame, as soon as they were form- 
ed, others*, remained, and were merely tarnished,, andii 
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finally covered by a white film, which formed on theiF 
surfaces. These globules, numerous experiments soon 
showed to be the substance I was in search of, and a 
peculiar inflammable principle Ih^ bads of potash. I 
found that the platina was in no way connected Mrith the 
result, except as the medium for exhibiting the elec< 
trical powers of decomposition ; and a substance of the 
same kind was produced, when pieces of copper, silvery 
gold, plumbago, and even charcoal were empl<5yed for 
completing the circuit. The phenomenon was inde- 
pendent of the presence of air. I found that it took 
place when the alkali was in the vacuum of an exhaust* 
ed receiver. The substance was likewise produced 
from potash fused by means of a lamp, in glass tubes 
confined by mercury, and furnished with hermedcally 
inserted platina wires, by which the electrical acdon 
was transmitted. But this operation could not be car- 
ried on iTor any considerable dme ; the glass was rapid- 
ly dissolved by the action of the alkali^ and this sub« 
stance soon penetrated through the body of the tube. 

Soda, when acted upcHi in th^ same manner as pot-< 
ash, exhibited an analogous result ; but the decqmpo'r 
sidon demanded greater intensity of acdon m the l^t* 
teries, or th^ alkali was required to be in niuch thinner 
and smaller pieces* With the battery of one hundred 
of six inches in full acdvity, I obtakied good results 
from pieces of potash weighing from forty to seventy 
grains, and of a thickness which made the distance of 
the electrified metallic surfaces nearly a quarter of an 
inch ; but with a similar power it was impossible to 
produce the efifects of decomposidon on pieces of soda 
of more than fifteen and twenty grsdns in weight, and 
that only when the distance between the wires was a- 
bout one eighth or one tenth of an inch. 

The substance produced from potash remained fluid 
at the temperature of the atmosphere at the dme of 
its producdon ; that from soda, which was Quid in the 
degree of heat of the alkali during its formation, be^ 
came solid on cooling, and appeared having the lustre 
of silver. 

^ When the power of two hundred and fifty was used 
wUh a very hi|:h charge for the decomposition of soda^ 



the globules often burnt at the moment of their format 
tion, and sometimes violently exploded and separated^ 
into smaller globules, which flew with great velocity 
through the air, in a state of vivid combustion, produ-- 
cing a beautiful effect of continued jets of fire. 



HL Theory of tfte Decomposition of the fix^d Alkalies ;s 
their Comfiosition and Production, 

As in all decompositions of compound substances > 
which I had previously examined, at the same time' 
that combustible bases were developed at the negative 
sur&ce in the electrical circuit, oxygen was produced, 
and evolved or carried into cembinaticmat the positive 
surface ; it was reasonable to ccHiclude that this substance 
was generated in a sUnilar manner by the electrical > 
action upon the alkalies, and a^number of experiments - 
made above mercury, with the apparatus for excluding ; 
external -air, proved that this was the case. 

When solid' potash,. or soda in its conducting state,- 
was included in glass tubes, furnished with electiified ■- 
platina wires, the new substances were generated at 
the negative surfaces ; the gas given out at the other 
sui*face proved, by the most delicate examination, to» 
be pure oxygen ; . and unless an excess of water was 
present, no gas was evolved from the negative surface. 

Ih the synthetical experiments, . a perfect coincidence 
likewise will be found. 

I mentionecLthat the metallic lustre of the substance 
from potash immediately became destroyed in the at- - 
mosphere, and that a white crust formed uppn it. This 
crust I .soon found to he pure potash, which immediate- 
ly deliquesced^ and new quantities were fonued, which 
in their ixxvn attracted moisture from the atmosphere, 
till the whole globule disappeared, and assumed the- 
form of *a saturated solution of potash. 

When globules were placed in appropriate tubes,- 
containing common air or oxygen gas, confii^ by 
mercury, an absorption of oxygen took place ; a crust 
of- alkali instantly formed upon the globule j but from 

E e 2. 
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Oie want of moisture for its soludon the process stop* 
ped, the inteiior being defended from the action of tbe 

l^th the substances from soda the appearances and 
effects were analogoas. When the substances nvere 
stronp^ly heated, confined m given portions of oxygen, 
a rapid combustion with a briliiant white fiame was pro- 
duced, and the metallic globules were found converted 
into a wlttte and solid mass, ivhich, in the case of tho 
substance from potash, was found to be potash, and Is 
the case of that from soda, soda. 

Oxygen gas was absorbed fo this operation, and' 
^aothbg emitted which effected the purity of the resH 
dual air. The alkaHes produced were apparently dry^ 
or at least contained no more nunsture than might well 
he conceived to eidst in the oxygen gas absorbed ; and 
their weights considerably exceeded those of the com^ 
hustible matters consumed. The processes on which 
these conclusions are founded will be fiiHy described 
hereafter, when the minute detsuls wluch are necessary 
will be explained, and the proportions of oxygen and 
Off the respective inflammable substances which enter 
into union to form the fixed alkafies will be ^vea. 
^ It appears, then, that in these &cts there is the same 
evidence for tb^ decomposition of potash and soda into 
oxygen and two peculiar substances, as there is for the 
decomposition of sulphuric and phosphoric acid3 and 
the metallic oxyds into oxygen and their ce^ctive 
combustible bases. 

In the analy^cal experiments, no substances capable 
of decomposidon are present, but the alkalies and a 
minute portion of moisture ; which seems in no ather 
way essential to the result, than in rendering them 
conductors at the sur&ce : for the new substances are 
not generated till the inteiior, which is dry, begins to 
he fused; they explode when in rising through the fu- 
sed alkali ; they come in contact with the heated mois« 
tened surface % they, cannot he produced ftx>m crystal 
lized alkalies, which -contain much wscter ; and the ef- 
fects produced by the electrization of ignited potash; 
•vhich contains no sensible quantity of water, confirm 
the opinion of their formation independently of the pre* 
jtence of this substance* 
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The <:oinbitst|ble bases of the fixed alkalies seem t* 
he repelled as other combustible substances, by posi< 
lively electrified surfaces, and attracted by negatively 
^electrified surfaces ; and the oxygen followa the con* 
4rary order; or the oxygen being naturally possessed 
•of the negadve energy, and the bases of the positive 
do not remain in eomb^tioo vhea either of them is 
brought into an ^electrical state opposite to its natural 
^ne. In the synthesis, on the e<»)tracy, the natural 
energies or attractions come in equilibrium mth each 
mother ; and vheH these are in a W state al common 
temperaturjes, a slow combination is i^fiected; but when 
they are exalted by heat, a rapid union is the result 
as in other like cases with the production of fire* 

. A n^imber of eircumstances relating to the agencies 
Bf the bases will be immediately stated, and will be 
found to offer confirmations to these g^ieral conclusions; 

IV. On the Pfofiertka a,nd MUure i>fth€ Basis of Potash^ 

After I ha4 detected the bases of the fixed alkalies 
I had coi^iderable difficulty to preserve and confine 
them so as to examine th^ properties, and submit 
them to exper^entst ;. ifor, like the alkahests imagine 
^d by the alchem^ts, they acted more or less upon aU 
most every t¥>dy to which they were exposed^ 

The fluid substance amongst sdl those I have tried^ 
on which I find they have least efiect, is recently dis« 
tilled naphihat \rx this material, when excluded from 
the air, they remain for many days without considerai 
bly changing, and their physical properties may be 
easily examined in the atmosphere wh&n ^ley are co»* 
vered by a thin film of it. The basis of potash at 609 
Fahrenheit, the temperature in which I first examined 
it, appearedi as I have already mentioned* in small 
globules, possessing the ipetallic lustre, opacity and 
general nppearance of mercury.; so that when a glo» 
hule of mercury was placed near a globule of the pecu** 
]iar substance, it was not possible to detect a difference 
i>y the eve, 

At 60<^ Fahrenheit it Is, however, only imperfect^ 
fluid, for it does readily run into a globule when 'm 
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^«pe is altered ; at 70o it becomes more fiuid ; and'at 
lOO^ its fluidity 18 perfect, so that ^flbrent globules 
may be easily made to run into one. At 50c^Fahrei>- 
heit it becomes a soft and malleable solid, vhich has 
the lustre of polWhed alver ; and at about the freezing 
point of water it liecomes harder and. brittle ; and, 
when broken in fragments, exhb>its a ciystallized tex- 
ture, which, in the microscope, seems composed of 
beautiful &cets of a perfect whiteness and. high metaUic 
splendour. 

To be converted into vapour, h requires a tempera- 
ture appfSacbing that of the red heat ; and when the 
experiment is conducted under proper circumstances, 
it is found unaltered af^er distillation. 

It is a perfect conductor of electricity. When a 
spark from the voltaic battery of an hundred of six 
inches is taken upon a large globule in the atmosphere,, 
the light is green, and combustion takes place at the 
point of contact only. When a small globule is used 
it is completely dissipated with explosion, accompaiued 
tay a most vivid fkme, into alkaline fumes. It is an 
excellent conductor of heat. • Resembling the metals 
in all these sensible propei'ties, it is> however, remark- 
ably different fi'om any of them in specific gravity. I 
found that it rose to the surface of naphtha disdlled. 
from petroleum, and of which the specific gravity was 
eight hundred and sixty-one, and it did not Tank in dou- 
ble distilled naphtha, the specific gravity of which was - 
about seven hundred and seventy, that of water being 
considered as one. The small quantities in which it 
is produced by the highest electrical powers, rendered 
it very difficult to determine this quality with minute 
. precision. . I endeavored to gain approximations on the • 
subject by comparing the weights of perfectly equal 
globules «f the basis of potash and mercury. I; 
used the very delicate bal&nce. of the Royal Institution, 
which^ when loaded with the quantities I empIo>ed,. 
and of which the mercury never exceeded ten grains, 
is sensible, at least, to the g%-Q^ of a grain. Taking 
the mean of four experiments, conducted with great 
care, its specific gravity at 62<^ Fahrenheit, is to that 
©f mercury as 10 to 333> which gives a proportion. 
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to that ci water nearly as 6 to 10 ; so that it is tho 
fittest fiuid body knowDr In its solid form it is a^ 
little heavier ; but even in this state> when cooled to 
4CP Fahrenheit, it swims in the double distilled naphtha. 

The chemical relations of the basis of potash arQ 
atill more extraordinary than its physical ones^ 

I have already iQentiqned its alkaliz^tipn and com« 
bustion in oxygen gas. It combines with oxygen slow- 
ly and without flame at all temperatures that I have 
tried below that of its evaporation, But at this tempe- 
rature combustion takes place, and the light is of a 
bi^iliant whiteness, and the heat intense. When heat# 
ed slowly in a quantity of gas not sufficient ^its com* 
plete conversion into potash, and at a temperature in« 
adequate to its inflammation, 400o Fahrenheit for in- 
stance, its tint changes to that of a red brown, and 
wiien the heat is withdrawn, all the oxygen is found ta 
be absorbed, and a solid is formed of a greyish colour^ 
which paitly consists of potash, and partly of the basis 
of potash in a lower degree of oxygenation*, and which 
becomes potash by being exposed to water, or by being 
again heated in fresh quantities of air. The substance 
consisting of the^ basis of potash combined with an un« 
der proportioii of oxygen, may like'w^se be fonned by 
fusing dry potash and its basis together under proper 
(Circumstances. The basis rapidly loses its metallic 
splendour ; the two substances unite into a compound 
of a red brown colour when fluid, and of a dark grey 
hue when solid ; and thiis cpmpiound soon absorbs ita 
full proportion of pxygen when exposed to the air, an4 
is wholly converted into potash, 

And the same body is often formed in the analytical 
experiments when the action of the electricity is inn 
tense, and the potash much heated, 

The basis of potash, when introduced into oxymuri-. 
atic acid gas, bums spontaneously with a bright red 
Ught, and a white salt, proving to be muriat'of potash^ 
}» formed. 

When a globule is heated in hydrogen at a degree 
below its point of vaporization, it seems to dissolve in 
it, for the globule diminishes in volume, and the gas 
explodes with aikaline fum^s and bright U^htj when 
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ttilfered to pass intQ the air ; but by cooling, this spcui-^ 
taoeous detonating property is destroyed, aod the basi& 
k either wholly or priacipally d&posbed. 

The ahctioiic^ the ba»s of polash on water exposed 
to the atnoosphere is connected with somebeaiitiful phe- 
nomena. When it is thrown upon water, or when it is 
brought into contact with a drop of water at cominoi> 
temperature^ it decomposes iit with great violeficey axk 
instantaneous explosion is produced with brilliiint fiame^ 
and aTsohition of pure potash is the results 

In experintexits of tliis kind, aa appearance often oc^ 
curs similar to that produced by the combustion of 
phosphorated hydrogen ;. a white ring of smoke, which 
gradually extends as it lises into the air. 

When water is made to act upon the basis of potask 
«ut of the contact of air^ and preserved by means of a 
glaas tube under naphtha, the decomposition is violent ; 
and there is much heat and noiise but no luminous ap-» 
pearance ; and the gas evolved, when examined in the 
nercuriial or water jmeumatiic apparatus, is found to be 
fore hydrogen.. 

When a globule of the basis of potash is placed up- 
on ice, it instantly burns with a bright fiame, and a deep, 
bole is m^de ki the ice^ which is found to. centain a so«^ 
tution of potashx 

The theory of the actioa of the basis ©f potash upon^. 
water exposed to the atmosphere, though c€anplicate<J 
changes occur, is far from being obscure^ Tlie phe- 
nomena seem: to, depend on the strong attractions of the 
basis for oxygen and of the potash formed for water^ 
The heat which arises from two causes, decompositiort 
and combination, is sufficiently intense to produce the 
' inflammation. Water is a bad conductor of heat ; the 
globule seems exposed to air ; a part of it, there is the 
greatest reason to believe, is dissolved by the heated 
nascent hydrogen. ; and this substance being capable of 
spontaneous inflammation, explodes and communicates^ 
the effect of combustion to any of the basis that may 
be yet uncombined* 

When a globule confined out of the contact of wr is 
acted upon by water, the theory of decomposition ia. 
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i^^eiy slmpte ; the heat produced is rapidlf carried off, 
«o that there is do ignition ; and a high temperature be- 
ilig requisite for the solution of ^e Isasis in hydrogen, 
thi6 combination probably does not take piace,orat teast 
" it may have a momentary existence only. 

The production of alkali in the decomposition of wa- 
ter by the basis of potash, is demonstrated in a very 
simple and satisfactory manner by dropping a globule 
of it upon moistened paper tinged with termeric. At 
the moment that the globule comes into contact ivith 
the water, it bums, and moves rapidly upon the paper, 
^s if in search of moisture, leaving behind it a deep 
reddish-brown trace, and acting uprni the paper pre- 
"cisely as dry caustic potash. 

^ strong is the attraction of the basis of potash for 
oxygen, and so great the energy of its action upon wa- 
ter, that it discovei^ and decomposes the small quanti- 
.ties of water contained in alcohol and ^dier, even when 
they are carefully purified. 

In ether this decomposition is connected wkh an in- 
structive results Fotash is insoluble in this fluid ; and 
when the basis of potash is thrown into it, oxygen is 
furnished to it, and hydrogen disengaged, and the alka- 
li, as it forms, renders the ether white and turbid. 

In both these infisrtamable compoiinds the energy of 
itsaotiOQ is prGf)ortionable to the quantity of water they 
contain, and hydrogen and potash are the constant re- 
sult. 

The basis of pofash, whon thrown into Bolutaons o£ 
the mineral aoids, inflames and foumis on the surface. 
'When it is phihged by proper means Iseneath the sur- 
face enveloped in pota^, surrounded by naphtha, it acts 
upon the oxygen with the greatest intensity, and all its 
effects ave such as may 'be Explained from its strong af- 
finity for this substance. In sulphul^ic acid a white sa- 
line substance, with a yellow coating, which is, proba- 
bly, solphat of potash surrounded by sulphur, aud a 
gas which has the smell of sulphurous acid, and which, 
probably, is amixtore^of that sub&tanee with hydrogen 
gas, are formed. In nitrous acid, nifirous gas is disezi* 
gaged, .and nitrat of p^ash formed. 

The basis of potash readily combines with the sim* 
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pie inflammable solids, and with the metals ; with phos- 
phorus and sulphur it forms compounds dmilar to the 
metallic phosphorets and sulphurets. When it Is 
brought in contact with a piece of phosphorus and 
pressed upon, there is a considerable action : they be- 
come fluid together^ bum, and propuce phosphorat of 
potash. When the experiment b made under naphtha, 
their combination takes place without the liberation of 
any elastic matter, and they form a compound wfaicli 
has a considerably higher point of fiiwn than its two 
constituents, and which remains a soft solid in boiling 
naphtha. In its appearance it perfectly agrees with a 
metallic phosph<»«t ; it is of the colour of lead, and, 
when spread out, has a lustre similar to polished lead. 
When exposed to air at common temperatures it slow- 
ly combines with oxygen, and becomes phosphat of 
potash. When heated upon a plate of platina, fumes 
exhale from it, and it does not bum till it attains the 
temperature of the rapid combustion of the basis of 
potash. When the basis of potash is brought in con- 
tact with sulphur in fusion, in tubes filled with the ya- 
pour of naphtha, they comlane. rapidly with the evolutioa 
of heat and light, and a grey substance, in appearance 
like artifidal sulphuret of iron, is formed, which, if 
kept in fusion, rapidly dissolves the glass, and becomes 
bright brown. When this experiment is made in a 
glass tube hermetically sealed, no gas is liberated if 
the tube is opened under mercury ; but when it is made 
in a tube connected with a mercurial apparatus, a small 
quantity of sulphurated hydrogen is evoked, so that 
the phenomena are similar to those produced by the 
union of sulphur with the metals in which sulphurated 
hydrogen is likewise disengaged, except that the igni- 
tion is stronger* 

Copper filings and powdered sulphur, in weight in 
the proportion of three to cme, rendered very dry, were 
heated together in a retort, connected with a mercurial 
pneumatic apparatus* At the moment of combination 
a quantity of elastic fluid was liberated, amountin^lo 
nine or ten times the volume of materials employed, 
and which consisted of sulphurated hydrogen mixed 
with sulphureous add. The first mentioned prodndi 



there is eveiy reason to believe^ mttst be referred to die 
sulphur ; the last probably to the copper, whichi it is 
easy to conceive, may have become slightly and super- 
ficisdly oxydftted during the processes of EUng and dry- 
ing by heat* 

When the union is effected in the atmosphere, a 
great inflammation takes place, and sulphuret of potash 
isf Harmed; The sidphureted basis likewise gradually 
becomes oxygenated by exposure to the air, and is fi- 
nally converted into sulphate. The new substance pro- 
duces some extraordinary and beautiful results with 
mercury. When one part of it is added to eight or 
ten. parts of mercury in volume at 60^ Fahrenheit, they 
ioatsmtly tmite and form a substance exactly like mercu- 
ry in colour, but which seems to have less coherence ^ 
foe small portions of it appear as flattened spheres. 
When a globule is made to touch a globule of mercury 
about twice as large, they combine with considerable 
heat ; the compound is fluid at the temperature of its 
S^rmation ; but, when cool, it appears as a solid metal,, 
similar in colour to silver. If the quanuty of the basis 
of potash is still farther increased, so as to be about 
one thirtieth the weight of the mercury, the amalgam 
increases in hardness, and becomes more brittle. The 
solid amalgam, in which the basis is in the smallest 
proportion, seems to consist of about one part in weight 
of basis, and seventy parts of mercury, and is very 
sofb and malleable* 

When these compaunds. are exposed to air, they ra? 
pidly absorb oxygen*; potash, which deliquesces, ^s 
formed, and in a few minutes the mercury is found' 
pure and unaltered* 

When a globule of the amalgam is thrown into wa» 
ter it. rapidly decomposes it, with a hissing noise ; pot- 
ash is formed, pure hydrogen is disengagjsd^ and the 
mercury remains free. 

The fluid amalgam of mercury and this substance 
4issolvea all the tnetals I have expc^a^ed Iq It ; and in 
thia state of union mercury acts on iron Sbd platina. 
When the basis of potash is heated with gold, or sil« 
ver, or copper) in a close vessel of pure glass, it ra- 
^dlf acts u^atbenv; and when tlie compouods are 

Ff 
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thrown into water, this fluid is decomposed, potash 
formed, and die metals appear to be separated mialter- 
«d* 

The basis of potash coml»nes with IViable metal, 
and forms an alloy with it, which has a higher point of 
fusion than the fumble metal. 

The action of theba^sof potash upon the. inflamma- 
ble (Hly compound bodies, confirms the •ther &cts of 
the strength of its attraction for oxygen. 

' On naphtha^ colourless and recently distilled, as 1 
have already said, it has very little power of action ? 
but in naphtha that has been exposed to the air, it soon 
oxydates, and alkali is formed, which unites with the 
naphtha into a brown soap that collects round the glob- 
ule. 

On the concrete oils, (tallow, spermaceti, wax, for in- 
stance) when heated it acts slowly, coaly matter is de- 
posited, a little gas is evolved, and a soap is formed ; 
but in these cases it is necessary that a large quantity of 
the oil be employed. On the fluid fixed oils it produces 
the same eflects, but more slowly. 

By heat likewise It rapidly decomposes the volatile 
oils ; alkali is formed, a small quantity of gas is evolv- 
ed, and charcoal is deposited. 

When the basis of potash is thrown into camphor in 
fusion, the camphor soon becomes blackened, no gas 
is liberated in the process of decomposition, and a sapo- 
naceous compound is formed ; which seems to shew 
that camphor contains no mure oxygen than Jhej^oladle 
dls. 

' The basis of potash readily reduces metallic oxyds 
when heated in contact with them. When a small quan- 
tity of the oxyd of iron was heated with it, to a tem- 
perature approaching its point of distillation, there was 
a vivid action ; alkaH and grey metallic particles, which 
dissolved with eflervescence in muriatic acid, appeared. 

The o^yds of lead and the oxyds of tin were revi- 
ved still more rapidly ; and when the basis of potash 
was in excess, an alloy was formed With the revived 
metal. 

In consequence of this property the basis of potash 
readily decomposes flint glass, and green glassy by a 
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gentle heat ; alkali is immediately formed by oxygen 
from the oxyds^ which dissolves the glass, and a new 
surface is soon exposed to the agent. At a red heat 
even the purest glass is altered by the basis of potash : 
tbe oxygen in the alkali of the glass seems to be divid- 
ed between the two bases, the basis of potash and the 
alkaline basis in the glass and oxyds, in the first degree 
of oxygenation, are the result. When the basis of 
potash is heated in tubes made of plate glass, filled 
with vapour of naphtha, it first acts upon the small 
quantity of oxyds. of cobalt and manganese in the inte- 
rior surface of the glass, and a portion of alkali is form- 
ed. As the heat approaches to redness it begins to 
rise in vapour, and condense in the colder parts of the 
tube ; but at the point, where the heat is strongest, a 
part of the vapour seems to penetrate the glass, ren^ 
dering it a deep redrbrown colour ; and by repeatedly 
distilling and heating the substance in a close tube of 
this kind, it finally loses its metallic form, and a thick 
brown crust, which slowly decomposes water, and which 
combines with oxygen when exposed to air, forming 
alkali,, lines the interior of the tube, and in muny parts 
is found penetrating througji its substance. 

The basis of soda, is solid at common temperatures* 
It is while opaque, and when examined under a film of 
naphtha has the lustre and general appearance of silver. 
It is exceedingly malleable. Its specific- gravity is less 
^an that of water about 9 to 10, or. 9348 to 1. 

The basis of soda has a much higher point of fusion 
than the basis of potash, its chemical phenomena are 
analogous to- those produced by the basis of potash. 

The proportions of the peculiar basis, and oxygen 
in potash and soda are, about six parts basis and one of 
oxygen in potash, and seven parts of basis and two of 
oxygen ia soda.. 



PJSTEUMATIOCISTERJ^ of Yale College. 

An instrument has been for several years used in thc= 
bbqratory of Yale College, for experiments in the large 
way, on the gases which water does not rapidly adsorb, 
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which has beeniound to be more coDvenient and cism^ 
plete than any other arrangement c»f apparatus £ar id- 
xnilar purposes. The only instrufnent of the kifid 
^!i]ch has ever been constructed, was nianu£8M:tttred 
in NeW'Haven. [^See Frontispieet^ Being calculated 
for an extensive course of public lectures, delivered is 
a laboratory where there is plenty of roon)« its dimen-t 
sions are larger than might be worth while in ests^lisht 
ments on a smaller scale. Its form is that of a parallel*- 
opipedon, 7\ feet long, 3 feet wi^e, and 2 feet 2 inches 
deep, without allowing for the two inch pine plank of 
•which this part of the instrument is constructed. The 
several planks and parts are connected by grooves and 
tongues, and bound together by iron rods, passing lati 
erally through them, and terminating in screws f umish-c 
-ed with outs. The ioterior part is furnished with twa 
shelves,^ [A. A. A. A.] each two feet six iiiches long, for 
sustaining air-jars and belKglasses ; the middle space 
between these is one foot eight inches wide, and forms 
a well [H] for immersing the belUglasses \ across thk. 
%vell is placed a sliding shel^ [G] with three inverted 
shallow tin funnels beneath it, corresponding with as 
many holes for receiving and transferring gases. Th\» 
fur, it is obvious that the instrument is only a ^very ex- 
tensive pneumatic cistern, apd has no superiority over 
those commonly in use, except from its affording ample 
space for a very important and interesting class of ex-* 
periments, which are much more impressive and con* 
vincing to a l<irge audience, wheo performed on a large 
scale. There arc, however, a number of additional 
contrivances. Beneath each of the shelves are twp in^ 
verted rectangular boxes, [shewn by jotted Hneg at \,1^ 
and under A.A.A.A.^ made of thin pine plank, dovetail- 
ed together at the angles, entirely open below, and att 
tached to the inferior side of the shelves by tongues^ 
grooves, and wood-rscrews. These boxes are twelve 
inches deep, of the capacity of about 1^ gallons each^ 
and occupy the whole space beneath the shelves except 
7,5 inches at each end of the cistern, and nine inches, 
between the bottom of the boxes and the bottom of the ' 
cistern. This latter space is reserved to give room for the 
action of three pair of hydrostatic bellows. [B.B.] They 
«re made of leather, nailed to the bottom of the cistern^ 
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^stended by ^circular iron rings, and attached by naiU- 
to a thick circular plank which serves as a top, and which 
h moved up and down by an iron rod connected with 
an iron lever, [C.C.C.J which rests on a forked iron sup- 
port, attached to the upper edge of the end of the cistern. 
The bellows are so placed,: that nearly one half projects 
beneath theboxesy which we tnay call reservoirs ; the 
other part is beneath the open space which lies between 
the end of the reservoirs and the end of the cistern, 
and the rod of ^ the bellows perforates the shelf imme- 
diately at the termination of* the box and contiguous ta 
it, but does not pass through the box, which must be 
air-tight. . At the edge of that part of' the bellows 
which projects beneath the reservoir, is a valve open- 
ing upward ; . inr: the centre of the bellows and on : 
the bottom of the cistern,, which is also the bottom of 
the bellows, is another valve opening upwards, covering 
an. orifice which is connected with a duct, leading out, 
laterally, throug;h the plank, edgewise, ta the atmos- 
phere. Into this duct is inserted a copper tube, [D.D.] 
consisting df two parts, one of which forms merely it 
portion of the -duct, being driven into it so that it forms 
a perfectly tight connection ; the other part is soldered 
to this at right angles, and ascends inclose contact with 
the outside of the cistern, till it rises two inches higher 
than its upp^r edge, and there it opens in an. orifice 
somewhat dilated. Each of the four reservoirsmay be 
considered as furnished with the' apparatus' of btellows, , 
ductj valves, and tube ; although in the instrument to » 
which this dcsciiption refers, there are in fact but three 
bellows, &c. one. resen'oir being destitute of thiem. It 
remains to be remarked, that each reservoir ia furnish- - 
ed with a stop-cock,, which lies horizontally upon the 
shelf andpjsirtly imbedded in it^ and passes iritathe re- 
servoir by a short tube.of copper, soldered at right an- 
gjes with*the cock. The cocks of the two contiguous 
reservoirs ace placed parallel to each other and to the 
sides of. the.cisternj and immediately contiguous to the 
partition which separates the reservoirs, and they are 
connected by a third stop-cock soldered to each of them, . 
opening into both by proper orifices, and thus serving, 
>ihen occasion requires, to connect the reservoirs, and ^ 
& fact; to convert two into one. . Through, each of tlia: 
- Ff2 
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(hclveS} at the angles of the two rei^ervoifs which ane^ 
contiguous at oDce to that side of the cistern which rpay 
be regarded as its hack part, and to the ivelU a hole is. 
bored into the reservoir tor the insertiqn of a copper 
tube [K-1&.1 for a blo\v-<pipe. These tubes are so foTzn<« 
ed, that While one partis pressed firmly into the hole so 
as to b^ air-tight, another part, at right angUs with the 
first, and bending i^ a pretty large curve, terminates in 
a trumpet-like orifice, adapted to the insertipn of a cork. 
Immechately beneath these two ori^ces is a table,. [F.} 
uttached by hinges to the side of the cistern, to sustain, 
u lamp for the blow -pipe ; when not in use, it hangs b}^ 
the side oC the cistern, and is raised occasionally, as it 
is wanted. 

To an intelligent chexnist, h will be obrious from an 
attentive perusal of the description, that this instru-i^ 
ment wi)l afTord all the following advantages. 

1 . It is an extensive pneumatic cistern, with every 
common convenience, on a large scale. 

2. By the bellows and their appendages,, common, 
air may be thrown into, the reservoii^, by which means., 
the height of the water on the shelves, may be increas- * 
ed at pleasure, when it i^ top low. 

3. By permitliiig a portion oC thi$ air to escape, hy 
opening one of the hprizontal qocks, the height of the 
water on the shelves may be diminished at {>leasure ;, 
thus we have me^ns of graduating the height of the 
water precisely to our purpose without ladipg it out or 
in,. 

4s. We have four capacious air-^iolders in the very 
place where the gases are produced, \iz. in the pneu-. 
matic cistern \ thus, four different kinds of gases may 
be stored away under water in a space otherwise use-^ 
less. For instance, common air, for regulating the 
height of the water, or, for the blow-pipe, may be in. 
one r^ervcar ; oxygen gas in a second, hydrogen gas. 
in a third, and olehant ^as in a fourth, and they may. 
be thus reserved for future use. 

5. The gases may be drawn off for use into bell-- 
glasses, merely by bringing those bell-glasses> filled, 
wth water, over the horizontal cocks.. 
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6. It is obvious that the four reservoirs arc ia fact 
four large gasometers ; they waJtt nothirrg to entitle 
them to this character^ except a scale which a moder 
i:ate share of ingenuity would easily adapt ta them ; 
the gases n>av be delivered into thein.at once by crook-^ 
ed tubes passing from the gas-bottles>. and any gas con-^ 
tained in a bell-^lass may be thrown into- a reservoir^. 
by a single stroke of the bellows. For this purpose a. 
crooked tube connected with that which leads to the 
bellows, and terminating in the well beneath an air jar, 
m all that is necessary. Or, by bariag the arm, the 
^as may be thrown up by the hand, into the rescrvoij-s^ 
the jar being pushed down through, the w^ter. 

7. It affords an excellent blow-pipe for common pur- 
poses aod for the fine experiments with oxygen 
gas ; and^ by fitting to it Mr. Hare's very ingeni- 
ous apparatus of the silver cylinder, it becomes 
the comfiound hlow-iufie^ for the invention and appli- 
cation of which, he deserves so much credit. - \^ 
the same contrivance water is formed with the greatest 
facility by burning the two gases as they come fwm 
their respective reservoirs, and issue at a common ori- 
fice, covering the flame with a receiver., 

8. The inflammable gases being confinedbeneath the- 
pressure of water, will issue at any orifices, ^vhere they 
are permitted, and thus all the ornamental as weU as. 
useful purposes, to which the combusdon of these gas- 
es is applied,, may be exhibited ; particularly, the 
gas from fossil coal may be made to bum in revolv*^ 
Ing jets, stars^ and other fanciful and useful form»>. 
merely by subsdtuting for a blow-pipe tube, the appa- 
ratus proper for this exhibuion.. 

All these purposes, this instrument has fully answeiv 
ed during several years ; and. it may be confidently re«^- 
commendedto lecturers on chemistry^ and^on a smalK 
er scale would be very valuable to a private chemist. 
A forcing^ pump might he subsutut«d for the bellows^ 
with a saving of the space which, the bellows occupy^ 
but it would, be probably less convenient in ^actice.. 

This Erst idea of thi^ instiument was suggested by 
Mr. Hare's compound blow-pipe. Being mentioned 
to that gentleman, the subject was prosecuted in com- 
mon, and so far matured that it was afterwards executed 
by the writer, D. S»lihan* 
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MAMJFACTURM of: MINERAL WATERS. 

The extensive utility oFmany of the natural mineral 
waters has been h>ng established by the expenence of 
mankind) and sancdoned by the opinions of the first 
medical practitioners of every enlightened country — 
The accurate analysis of all the most important and 
most celebrated mineral waters has been accomplishedi i 
by men competent to the task ; and we are thus in- 
formed not only concerning the nature^ but the propov' 
ti<m of the ingredients which they contaiti. They 
so^ either soiul substances^ such as water can dis- 
solve) or gases^ capable of being combined with this 
fluid. To both of these the mineral waters owe their 
medicinal powers, and to the latter alone, and cfdefly to 
the carhomc acid^ their peculiar activity, briskness and. 
pungency. 

In the manufacture of artificial mineral waters, the* 
original water h perfectly imitated, by the addition of 
4}1 the ingredients in the proper proportions ; and the 
ga^ by a peculiar. and very powerful apparatus is after- - 
wards forced in, till the waters acquire a degree of. 
briskness and activity far surpassing 'any thing which 
they ever exhibit in nature. The impression, enter-- 
tained by some, that a perfect imitation of the native 
mineral waters is impossible, is therefore equally coip- 
trary to the decisions of good sense, as it is repugnant 
to experience'; for in London, in Paris, and in many 
other great towns, artiicial mineral waters are- thus 
£ibricated ;, and used to a great extent. . 

In the artificial waters, we always have it in our pow- 
er, to leave out noxious, or- useless ingredients ; to 
substitute others, and to vary the proportions at pleasure; 

Every species of mineral waters whatever can be 
prepared by art, but the principal ones that have been 
attempted in this country, are, the Ballstown, , Soda, and 
tha SeJtzer waters. 

JBAJLLSTOWJ^r WATER: 

The BalFstown water is well knovm in the United 
S^tes as a gentle ciuhartic)-— an active diuretic^-^a re- 
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tntdf against gravelly complaintSf-i»<a tonic to the 
stomach) and generally to the system >^not to mention 
it9 efficacy against rheumatic, and cutaneous complaints, 
Mrhen applied externally, as well as internally. It re- 
mains to be added, only, that the artificial Ballstown 
■water is found by experience to produce the effects tff 
the natural water ; it is however more powerful, and 
therefore an equal quantity produces more marked ef- 
fects. 

SODJ WATER. 

The Soda water is not an exact imitation of any natu* 
ral water, but has been directed by mectical men as a 
remedy in a number of common and troublesome com- 
plaints. It is ordered in the pharmacopeias and dis- 
pensatories^ and their prescriptions should be followed 
In this manufacture. It is a complete remedy against 
sourness of the stomach, commonly called heartburn^ 
and in most cases of indigestion and weakness of the 
4stomach it is very useful ; gradually restoring the appe-* 
tite, and with it the tone of the organ ; it is a prevent* 
ative of many of the diseases of the stomach and bow- 
els, which proceed from acidity, and for the same rea- 
son it often removes or prevents the sick head-^ache. 

As a palliative, and even a remedy, in some cases of 
urinary calculi and gravelly complaints, it is preferable 
to the Ballstown water^ It tt»ay prevent, arrest, retard, 
•or remove the complaint according to circytn stances* 

The Soda water is also a very refreshing, and to most 
-persons a very grateful drink, especially after heat and 
fatigue, and may be made a complete substitute for the 
Averages of which ardent spirits form a part. — With 
wine and sugar it is very gratefuU 

SELTZER WATER^ 

The Seltzer water has long been known, and is one of 
thie most famous of the i;iatural mineral waters of Eu* 
rope. On account of its agreeable taste, and exhilira^ 
ting effects, it is largely used at table, and as a beverage 
at all hours. It is a diuretic, and possesses c<msidera-- 
ye efficacy in nephritic and urinary complakits y it is. 
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very useful agaimt bilious and dyspeptic afifecticHiSy ao^ 
in many cases of cutaneous eruptions. 

It possesses a peculiar power of allaying feverish ir* 
ritation,and has done much service in slow hectic fevers; 
it mixes well with milk, and is thus used with advantage 
hy hectic patients. — It is used also vdth sugar and wine» 

The manufacture of mineral waters upon correct 
chemical principles was undertaken in New-Haven, 
Connecticut, about three years ago ; and during; the la^ 
summer, a public establishment for this purpose was 
opened in the sam^ town, under the direction of Pro- 
fessor Silliman. 

An establishment of the same kind, and under the 
same direction, was effected in New- York in April of 
this year, (1809) by Noyes Darling & Co. Fountains 
of Ballstown, Soda, and Seltzer, waters were opened in 
the bar of the Tontine Coffee House. The cistemsare 
placed in the cellar, and the waters a?e conveyed into 
the bar in block-tin tubes, which pass upinto mahogany- 
pillars, crowned with gilt urns, lettered with the names 
of the respective waters. The pillars, with their urns. 
Stand a foot apart, and the middle one is raised above 
the others ; silver stop-cocks inserted into the sides o$ 
the pillars, give the whole- muoh neatness and richness 
of appearance. 

The proprietors of this establishment int^d, as we 
understand, to open fountains at the City Hotel, in the 
month of May, in a spacious room, fitted up and orna- 
mented in a handsome style, and adapted to the accom- 
modation of ladies as well as gentlemen. 

The Ballstown and S^tzer waters are prepared accor-. 
ding to an accurate analysis ; and in order to give the 
Soda water its proper efficacy, it is made with the full 
proportion of Soda directed by the dispensatories. 

The waters are bottled for exportadon, in any quan-- 
tky demanded. 

Soda water has been made in New-York by Mr. 
Usher, for a year or more, and has had a good reputa- 
tion and an extensive sale^ It has been sold from a 
fountain, and in stone bottles. We understand that he 
is about to extend his establishment.' 

There have been, for some time^ manufactories of 
mineral waters in the city of Philadelphia, and we arc 
informed that these waters have been extensively used 
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APPENDIX. 



DYEIKG. 

Princifiles of Dyeing* 

TitE substances commonly employed for clothing 
Inay be reduced to fouri namely, wool, silk, cotton, 
and linen. 

Permanent alterations in the colour bi' clotti cationly 
be induced two ways ; either by producing a chemical 
change in the cloth, or by covering its fibres with some 
substance which possesses the wished for colour. Re- 
course can seldom or never be bad to the first method, 
because it is hardly possible to produce a chemical 
fchange in the fibres 6f cloth without spoiling its tex- 
ture and rendering it useless. The dyer, therefore, 
when ,he wishes to give a new colour to cloth, has al- 
ways recourse to the second method. 

The substances employed for this purpose are called 
colouring matters^ or dye atiiffs. They are for the most 
ipart extracted from animal and vegetable substances, 
and havfe usually the colbik* which tliey intend to give 
to the cloth. 

Since the particles of colouring matter with which 
cloth, when dyed, is covered, are transparent, it fol- 
lows, that all the light reflected from dyed cloth must 
be reflected, not by the dye stuff itself, but by the fibres 
of the cloth below the dye stuff The cdloiur therefore 
does not depend upon the dye alone, but also upon the 
previous colour of the cloth. If the clotb be biack^ it 
IS clear that we cannot dye it any other colour whatev- 
er; because a»no light in that case is reflected, none 
can be transmitted, whatever dye stuff we employ. If 
the cloth were red, or blue, or yellow, we could not dye 
It any other colour except black ; because, as only v^dy 
or blue, or yellow rays were reflected) no other eauld 
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be transmitted. Hence the importance of a fine white 
colour, when cloth is to receive bright dyes. It then 
reflects all the rays b abundance, and therefore any- 
colour may be giv^H by covering it virith a dye stuff 
which transmits only some particular rays. 

If the colouring matters were merely spread over 
the surface of the fibres of cloth by the dyer, the 
colours produced might be very bright, but they couJd 
not be permanent ; because the colouring matter would 
be very soon rubbed off; and would totally disappear 
whenever the cloth was washed, or even barely expos- 
ed to the weather. The colouring matter then, how- 
ever perfect a colour it possesses, is of no value, unless 
it also adheres so firmly to the cloth that ncme of the 
substances usually applied to cloth, in order to clean it, 
&c. can displace it. Now this can only happen, when' 
there is a strong affimty between the colouring matter 
and the cloth, and when they are actually combined tor 
gether in ccxisequence of that affinity. 

Dyeing then is merely a chemical process, and con- 
sists in combining a certain ccdouring matter with fibres 
of cloth. This process can in ho instance be perform- 
ed, unless the dye stuff be first reduced to its integrant 
particles ; for the attraction of aggregation between 
the particles of dye stuffs, is too great to be overcome 
by thc'aftnity between them and the cloth, unless they' 
could be brought within much smaller distances than" 
is posnble while' they both remain in a solid form. It 
IS necessary, therefore, previously to dissolve the colour* 
ing matter in some liquid or other, which has a weak- 
er 8^»ity for it than the cloth has. When the cloth is 
dipped into this sohition, the colouring matter, reduc- 
ed by this contrivance to a liqidd state, is brought with- 
in the attracting distance ; the cloth tiberefore acts upon 
it, and from its stronger affinity, takes it from ihe^l- 
vent and fiices it upon itself. By this contrivance too, 
the equality of the colour is in some measure secured, 
as every part of the cloth has an opportunity of attract- 
ing to itself the proper proportion of colouring par- 
ticles. 

The facility with which cloth imbibes a dye, depends 
upon two things ; namely, the affinity between the ctoth 
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and the dye stuff, and the affinity between the dye-stuff 
and its solvent. It is directly as the former, and in* 
Tersely as the latter. It is of importance to preserve 
a due proportion between these two affinities, as upon 
that proportion much of the accuracy of dying depends. 
If the affinity between the colouring matter and the 
doth be too greats compared with the affinity between 
the colouring matter and the solvent, the cloth will take 
the dye too rapidly, and it will be scarcely possible to 
prevent its colour from being unequal* On the other 
hand) |f the affinity between the colouring matter and 
the solvent be too great, compared with that between 
the colouring matter and the cloth, the cloth will either 
not take the colour at all^ or it will take it very slowly and 
very &intly. 

Wool has the strongest affinity for abnost aU colour-* 
ing matters ; silk the next strongest, cotton a consider 
yably weaker affinity, and linen the vi^akest affinity of 
all. Therefore, in order to dye cotton or linen, the dye 
stuff should in many cases be dissolved in a substance 
for which it has a weaker affinity than for the solvent 
employed in the dyeing of wool or silk. Thus we may 
use oxyd of iron dissolved in sulphuric acid, in order to 
dye wool ; but for cotton and linen, k is better to dis-^ 
solve it in acetous acid.. 

Were it possible to procure a sufficient number of 
colouring matters, having a string affinity for clothe ta 
^swer all the purposes of dyeing, that art would be ext 
ceedingly simple and easy. But this is by no means 
the case ; if we except indigo,, the dyer k scarcely pos^ 
sessed of a dye stuff which yields of itself a good coU 
our, sufficiently permanent to deserve the n^me of a dye. 

This di£^ulty, which at first sight appears insur-^ 
mountable, has been obviated by a very ingemoua con- 
trivance.. Some substance is pitchedupon^ which has a 
strong affinity, both £br the cloth and the colouring mat*. 
ter.. This substance i3 previously combined with cioth»^ 
which is then dif^d into the solution containing the dye 
stuff. The dye stuff combines with the intermediate 
substance, which, beingfirmly combined with the ^ckith, 
secures the permanence of the dye. Substances em^ 
ployed for thi^ purpose are denominated mordxmtK 
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The most important part of dyings is undoubtedly tho 
proper chcnce, and tbe proper appUcatiou of mordants, 
as upon them, the permanency of almost every dye de- 
pends. Every thing which has been said respecting; the 
application of colouring matters, applies equally to the 
application of mordants. They must previously be dis-. 
solved in some liquid, vt^hich has a weaker afiinity to 
them than the cloth has to which they are to be applied ; 
and the cloth must be capped, or even steeped in this 
solution, in order to saturate itself with the mordant. 

Almost the only substances used as mordants, are 
earths, metalic exyds, tan, and oil. 

Of earthy mordants, the most important, and most 
generally used, is alumine. It is used either in the 
state of common alum, in which it is combined with 
sulphuric acid, or ki that of acetite of alumine. 
' Alum.^ when used as a mordant, is ^ssolved in water, 
and very frequently a quanthy of tartar is ^ssolved" 
along with it. Into this solution the cloth is put, and 
kept in it till it has absorbed as much alumine as is ne-. 
cessary. It is then taken out, and for the most part 
washed and dried. It is now a good deal heavier than 
it was before, owing to the alumine which has comhined 
with it. The tartar serves twd purposes ; the potash 
which it contuns combines with the sulphuric acid of 
the alum, and thus prevents that very corrosive sub- 
' stance fit>m injuring the texture of the cloth, which oth^ 
erwise might happen ; the tartareous acid, on the other 
hand, combines with part of the alumine, and fiiHins a 
tartrit of alumine, which is more easily decomposed by 
the cloth than alum. 

Acetite of ahindne has been but lately introduced into 
dying. This mordant is now prepared by pouring ace- 
0te ^ lead into a solution of alum ; a double decompo* 
sition takes place, the sulphurious acid combines -wkh 
thelead,andtibe compound precipitates in the form of an 
insoluble powder, while the alunfiine combines with the 
acetous acid, and remains dissolved in the liquid. - This 
mordant is employed for cotton and linen, which have a 
weaker affinity than wool for alumine. It answers much 
better than alum ; the cloth is more easily saturated 
with alumine, and takes, in consequence; both a richer 
and a more permanent colour. " 
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Besides alumine, Hme is sometimes used as a mordant * 
Cloth has a strong enough afBnity for it ; but, in gene- 
ral, it does not answer so well, as it does not give so 
good a colour. When used, it is either in the state of 
Ume water, or of sulphat of Ikxife dissolved in water. 

Almost all the metalic oxyds have an afEnity lor cloth, 
but only two of them are extensively used as. mordants*, 
namely, the oxyds of tin, and of iron. 

The oxyd qf Hn was first introduced into dyeing by 
K.usi?£R» a German chemist, who brought the secret to 
London in 1 543. This period forms an era in the his- 
tory of dyeing. The oxyd of tin has enabled the mod- 
erns greatly to sur^ss the ancients in the finess of their 
colours ;, by means of it alone, scarlety the brightest of 
all colours is produced.. 

Tin, as Pboust has proved, is capable of two degrees 
of oxydation. The first oxyd is composed of O. 70 
parts o£ tin, 0. 30 of oxygen ; the second, or white oxyc^^ 
ofo. eOpartsof tin, and 0..4O of oxygen. The first oxyd 
absorbs oxygen with very great facility, even from the 
air, and is rapi<i]y converted into white oxyd. This fact 
ntakes it certain, that it is the white oxyd of tin alone,, 
which is the real mordant ; even if the other oxyd were 
applied to cloth, as it probably often is, it must soon be 
converted into wiute oxyd, by absorbing oxygen from 
the atmosphere*. 

Tin is used as a mordant in three states;, dissolved. 
in nitro muiiatic acid, in acetous acid^ and in a mixture 
©f sulphuric and muriatic acids. Nitro muriat of tin 
is the common mordant used by dyers. They prepare 
k by dfesolving tiii in diluted nitric acid,' to which a cer- 
tain proportion of muriat of soda, or of ammonia is ad- 
ded.. Part of the nitric acid decomposes these salts, 
combines with their base, and sets the muriatic acid at 
liberty i They prepared it at first, with nitric acid alone, 
but that mode was very defective, because the nitric acid 
very readily converts tin to white oxyd, and then is in^ 
capable of dissolving it. The consequence of which 
was, the precipitation of the whole of the tin. To rem- 
edy this defect, common salt, or sal ammoniac, was ve^ 
ry soon added ; muriatic acid having the property o£ 
dissolving white oxyd of tin very readily. A conside'^ 
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Table saving of nitric acid might be obtained by employ- 
ing as much sulphuric acid as is just sufficient to satu* 
rate the base of the common salt, or sal ammoniac em** 
ployed. 

When the nitro muriat of tin is to be used as a mor-' 
danty it is dissolved in a large quantity of virater, and the. 
cloth is dipped in the solution, and allowed to remain till 
sufficiently saturated. It is then taken out, and -washed 
and dried. Tartar is usually dissolved in the water 
along with the nitro muriat. The consequence of this | 
is a double decompo^tion, the nitro muriatic acid com-. | 
bines with the potash of \he tartar, while the tartareous. ^ 
acid dissolves the oxyd of tin. When tartar is used,- 
tberefore, in any con^erable quantity, the mordant is 
not a mtro muriat but a tartrit of tin. 

Iron, Bke dn, is capable of two degrees of oxyda- 
tion ; but the ^reen oxyd absorbs oxygen so readily^ 
from the atmosphere, that it is very soon converted 
into the red oxyd. It is only this last oxyd which is 
really used as a mordant in dyeing. The, green oxyd. 
is indeed, sometimes applied to cloth ; but it verysooa 
absorbs oxygen, and is converted into the red oxyd.-^^ I 

This oxyd has a very strong affinity £c>r all kinds o£ I 

cloth. The permanency of the iron spots on linen and 
cotton is a sufficient proof of this. As a mordant, it i» 
used in two states ; in that of sulphat of iron, and 
acetiteof iron. The first b commcmly. used &r wool.. 
The salt is dissolved in water, and the cloth dipped in 
it. It may be used also for cotton, but in most casea 
acetite of iron is preferred. It is prepared by dissolv-i. 
ing iron, or its oxyd, in vinegar, sour beer, &c. and the 
longer it is kept, the more it is preferred. The rea^ 
son is, that this mor<^nt succeeds best when the iron is 
in the state of red oxyd. It would be better then. tQ 
oxydate the iron, or convert it into rust, before using 
it ; which might easily be done, by keepii^g it for some 
time in a moist place, and sprbkling it accasionally 
with water. 

Tan has a very strong affinity for cloth, and for se« 
^eral colouring matters ; it is. therefore very frequently 
employed as a mordant. An infusion of nut^gtUUy or 
tf 9umachf or any other substance containing tan^ is 
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made in water, and the cloth is dipped in this infdsicnf , 
9Xid allowed to remsun till it has absorbed a sufficient, 
quantity of tan. Silk is capable of absorbing a ver^. 
great px^portion of tauy and by that Tineans acquires a . 
great increase of weight. Mapufaqturers sometimes , 
employ this method of increasing the weight of ,sil]iL. . 

Tan is often employed, also, along with other, mor;» . 
dants, in order to produce a compound mordants Oil . 
is also used for the same purpose^ in .the dyeing of 
cotton. and linen. TJte mordants. witbwhioh tan most 
frequently is combined, are.alumine, and oxyd of iron. 

Besides these jnordanls, there are several other sub- . 
stances "frequently useid as auxiliaries, either to f^cili- . 
tate the combination of the.mordantt with the, cloth, or 
tp alter tb^p. shade of colour; the chief of these are, , 
tartar^ acetite. of lead^ cqmnwn,8cdt^ sal awrvordacy sidfihat^ 
or acetite of copjlier^ &c. 

Mordants not only render the < dye permanent, but- 
have also considerable influence on the. colour produ- . 
ced. The same colouring matter produces very difr - 
ferent dyes,, according as the mordant is changed. Sup- 
pose, for instance, that the colouring matter be cochi- 
neal ; if we usci the. aluminous mprdant, the cloth will 
acquire a crimsoil colour j.but the oxyd of iron prpdu* . 
ces with it a black. „ 

In dyeing thei1> it is not only nee^^ssary .to procure a , 
mordant which has a sufficiently strong affinity for the 
colouring matter and the cloth, and a colouring matte i' 
whiph possesses the wishej^ for cplour in perfection, 
but we must procure a mprdant and a colouring matte v 
of such a . nature^ that , when combined ' together^ they 
shall possess the wbhed for colour in perfection. It is 
evident too, that a great variety of colours may be pro- 
duced with a single dye stuf^ provided we cai), change 
the mordant sufficiently. 

The colouring matter with which. tbe<^I<3^th is dyed, 
dpes not cover every portion of its suriace ; its partir 
cles. attach themselves to the cloth at certain. distances 
from each <)jther ; for the cloth may be dyed different 
shades of the s^me colour, lighter or darker, merely 
by varying the quantity of colouring matter. With 
a small quantity, the shade is light; and it becomes 
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diseper as the quantity increases ; now this would be 
impossible) if the dye stuff covered the -whcAc of the 
cloth. 

That the particles of colouring matter, even when 
the shade is deep, are at some distance, is evident 
&t>m this well known &ct, that cloth may be dyed two, 
colours at the same tkne.. All ^ose colours to 
which the dyers give the name of contfmtnd^ are iO: 
&ct two different colours applied to the cloth at once^ 
Thus cloth gets a sreen, colour, by being dyed firsi 
blue and then yellow. 

The colours denominated by ..dyers tample^ because 
they are the foundation of all their other processes, are 
four; namely, first, Uue i. second, yeUovh;, thirty red^i 
fourth, blacks To these they usually add a fifths under* 
the name ^root or krotm colpur.. 

Of Dydns Blue^ 

The only colouring matters employed in dying blue>. 
are looad and iruHgo, 

Woad is a plant cultivated in this kingdom, and evei^ 
growing wild in some parts of England.. 

Indigo is a blue powder," e^itracted from a species, 
of plants which is cultivated for that purpose in the 
East and West Indies.. These plants contain a pecu-- 
liar green pollen, which in that state is soluble in water.. 
This pollen haa a strc»ig affinity for oxygen, which it 
attracts greedily from the atmosphere ; in consequence 
of which it assumes a blue colour^ and becomes insolu-- 
ble in water.. 

Ipdigo has a very string aflujky fotv wool, silk,, cot-- 
ton and linen. Every kind of cloth, therefore, may 
be dyed with U, without the assistance of any mordant 
whatever.. The colour thus induced is very perma-^ 
sent ; becaus^^ the indigo is already saturated with ox- 
ygen, and because it is not liable to be decomposed by 
those substances, to the action of which the cloth is ex- 
|)osed. But It can only be applied to cloth in a state 
of solution ; and the only solvent known being sulphu^ 
ric acid, it would seem at first sight, that the sulphu* 
ric acid solution is the only state in which indigo can he 
employed as a dye.. 
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The aulflhat of indigo is indeed often used to dye- 
wool aiid silk blue ; but it can scarcely be. applieil 
to cotton and linen, because the affinity of these sub-*, 
stances' for indigo is not great enough to. enable them 
readily to decompose the sulphat. The colour givca 
by sulphat of indigo is excciedingly beautiful ; it i$. 
known by the n^me of Saxon blue, . 

* 
Qf Dyeing Yellow^ 

The principal colouring matters for- dyeing ydlow. 
aure weld^ fustic, and quercitron bark. . 

W^ld is a plant which grows in this coiH^try. . 

Fkistic is the> wood of a large tree whi^h grows in th^- 
West Indies. 

Quercitron is a tree growing naturally ill North Axattt- 
ica, the bark of which contains colouring matter. 

The yellow dyed by meaQs of fustic is inpre perma- 
nent, but not so beautiful as that given by weld, or quer- 
citron. As it is permanent, and not much injured bf 
acids, it is often used in dyeing compound colours, where.^ 
•a yellow is requii^d. The i^ordant is alujnine. . When . 
the mordanit is oxyd:.of i](^on, fustic dyes a good perma-. 
nent drab colour.- 

Weld and quercitnm bark, yield nearly the same, kind , 
of colour;, but asthe^ bark yields colouring matter in. 
much greater abundance, it is much more convenient, . 
and upon^the whole cheaper than weld. It is probable, . 
therefore, that it will gradually supercede the use of. 
that plant. The method of using each of these dyQ* 
8tuf& is nearly the same* . 

qf Dyeing Red. 

• The 4^olouring matters employed for dyeing red, sar6 • 
kermesj cocMnealy archzf^ ma4dery carthamuay and Brazii" . 
fvood^ 

Kermes is a species of insect, afTordiiig a red cbloUr 
by solution in water ; but it is not so beautiful as cochi- . 
nes^, which is likewise an insect found in America.-^ 
The decoction of cochineal is a very beautikil crimson 
colour. Alum, brightens the colour of the decoction, 
and occasions a crimson precipitate^. Murlat of tiQ give^ 
a copious fine red precipitate,' 
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' Atchil is a paste formed of a iq[)ecie8 of lichen poend*! 
ed, and kept mcost for some time with stale uiine* 
Madder is tb^ root of a weU known plant. 

CaithamQs is the flower of a plant cultivated m Spam 
and the Lerant. It contains two cglouiipg matters : a 
yellow, which is soluble in water, and a ted, insoluble in 
water, but soluble m alkaime carbonate*. The red coK 
ouiing matter of carth&mus, extracted by carbonat of 
&oder, and precipitated by lemon jidce, constitutes the 
rouge used by la^s as a paint. It is afterwards ground 
with a certain quantity of talc. The fineness of the talc, 
and the proportion of it mixed with the carthaxnus, oc- 
casion thp difference between the cheiiper and dearer 
kinds of rouge. 

Braul woody h the wood of a tree growing in Amer^t 
ica and the West I];idies.f»Jts decocdon ia a fine red 
colour. 

None of the red colouring matters have so strong an 
affinity for cloth as to produce a permanent rtd^ wiihoul 
the assistance of mordants. The mordants employed 
are alumine, and oxyd of tin ;. oil, and tan, in certain pro^ 
cesses, are also used ;, and. tartar and rwvi^X o( soder„ 
^e frequently called i;i as auxUiarres. ] 

Wool may be dyed scarlet ^^ the most splendid of alk | 
colours, by first boiling it in a solution of iBurio sui«*. | 
pbat of tin, then dying it pale yellow with quercitroo 
bark, and afterwards crimson, with cochineal ; ^ for 
scarlet is a compovmd colour consisting of cwfmcn. mix^ 
ed with a l^e yellovf. 

Silk is usually dyed red with cochineal, or earths* 
xnus, and sometimes with J^razil wood. Kermes does, 
not answer for silk ; nmdder ijs scarcely ever used for 
that purpose, because it does not yield a colour bn^t 
enough. Archil is employed to give silk a bfoom ; but 
it is scarcely used by ijtself, unless when the colour 
wanted is Hlac, 

Silk may be dyed crimson by steeling b in a sohir 
tion of alum, aiad then dying i^t ip the U3ual way in a 
cochineal bath. 

Silk cannot be dyed a fiiU acarlet; but a colour ap^ 
proaching tp scarlet may be gi^en it,, by first knpregna^ 
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ting the stuff with'murb sulphat of tin, and afterwards 
dyeing k in a bath, composed of four parts of cochineal, 
and four parts of quercitron bark. To give the colour 
more body, both the mordant smd the dye may be re<^ 
peated. A colour approaching scarlet may be also 
given to silk, by first dying it crimson, then dying it 
with carthamus, and lastly, yellow widiout heat. Cot* 
ton and linnen are dyed red with madder. The process 
was borrowed froni. die East. Hence, the colour is of* 
ten called Adrianople, or Turkey ned The ctoth is 
first impregnated with oil, then with galls, and lastly 
with alum. It is tlien boiled for an hour in a decoction 
of madder, which is commonly mixed with a quantity 
of blood. After the cloth is dyed, it is plunged into a 
^oda ley, in order to brighten the colour. The red 
given by this process, is very permanent, and when 
properly conducted, it is exceedingly beautiful. The 
whole difficulty consists in the app|icatic«i of the mor* 
>dant, which is by hr the most complic^^d employed 
In the whc^ art of dying, 

Df JOydng Black. 

The substances employed to give a black colour to 
.loth are, red oxyd of iron, and taa. These two suW 
^t^ces have a strong a&iity for each oither ; and when 
combined, assume a deep black odour, not liable to b^ 
destroyed by the action of air or light. 

Logwood is usually emjdojred as an auxiliary, be« 
cause it communicates lustre, and adds consideraUy to 
the fullness of the black. It is the wood c^ a tree which 
is a native of several of the West India islands, and of 
that part of Mexico which surrounds the Bay of Hon^ 
duras. It yields its colouring matter to water. The 
decoction is at first a fine red, bordering on vic^et ; but 
if left to itself,, it gradually assumes a black colour. 
Acids give it a deep red colour ; alkaUes a deep violetf 
in clining to brown ; sulphat of iron renders it as black 
as ink, and occasions a precipitate of the same colour. 

Wool is dyed black by the fotiowing process : It is 
boiled for two hours in a decoction of nut^^galls, knd af- 
terwards kept for two hours more in a bath composed 
of logwood and sulphat of iron, kept during the whofo 



L- 



'( 12 ) 

Ume at a scalifing heat, but not Ixnled. During Hit of> 
eradoD it must be frequently exposed to the air; be- 
cause the green oxyd of ifon, of which the sulphat is 
composed, must be omverted into red oxyd by absoib- 
ing oxygen, beiope the cloth can acquire a proper col- 
our. The common proportions are. five parts cf galls, 
fire of sulphat of iron, dud thirty of logwood, for-eveiy 
hundred of cloth. A little acetite of copper, is com- 
monly added to the sulphat of iron, because it is 
thought toimproTe the colour. 

Silk is dyed nearly in the same manner. It is capable 
of combining with a great deal of tan ; the quantity giv^ 
en is varied at the pleasure of the artist, by allowing the 
silk to remain a longer or shorter time in the decoction. 

'Of Dying Comfiomd Cotaura. 

Compound colours are produced by nuxing togethet 
two «mple ones ; or, which is the same thing, by dy- 
ing cloth first one simple colour, and then another.— >« 
These colours vary to infinity, according to the propor- 
tions of the ingrements employed. They may be ar* 
Tanged under the following classes : 

Mixtures of K Blue and yellow ; S. Blue sitkl red; 
3. Yellow and red ^ 4. Black, and other colours. 

J\^nirea of biue arid yellow. This forms gretn^ 
which is distinguised by <iyers into a variety of shades, 
according to the depth of the shade, or the prevalence 
of either of the component parts. Thus we have 
^a-green, graas-greeriy pea-green^ &c. . 

Wool, silk, and Unen, are usually dyed green, 
by giving them first a blue colour, and afterwards dy- 
ing them yellow ; because, when- the yellow is first 
given, several inconveraencies follow : the yellow part- 
ly separates again in the blue vat,' and commumcates 
a green colour to it, and thus renders ittiseless for ev-. 
eiy other purpose, except dying gwfen. Any of the 
usual processes for dying blue a^d yellow may be fol- 
lowed, taking care to proportion the depth of the 
shades to that of the green required. When sulphat 
of indigo is employed, it is usual to mix all the ingre^ 
dients together, and to dye the cloth at once ; tlua pro* 
duces what is known by the name of Saxon^ or Emg- 
48h green. 
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' Mixtures of blue and red. These form, diffialciit, 
fchade^ of inolety pw^fde^^ and Uluc, Wool is generally 
first jdyed blue, and afterwards scarlet, in the usuad 
inapner. By means of tpchineat mixed with sulphate 
of indigo,, th^ process may Jje performed at once. Silk 
is^first dyed crimson, by means of cocliineal, and tlien 
dipped into the indigo vat. Cotton and linen are first 
dyed bhie^ then ^led,'- arid soaked in a decoctlpn of 
logwood'; but a more p^rmdn^nt colour is givei\ by 
means of oxyd of iron. 

MxxtureBofyelUiV) ar\d red.^ This produces orange. 
When blue is combined with red JEind yellow on cloth, 
the resulting colour is olhve. Wool may be dyed or- 
Ctnge, by first dyeing it scarlet, and then yellow. When 
it is dyed first with madder, the result is cinnamon co' 
ipur. 

Silk is dyed orange by means of carthamus ; a cin- 
tiamon cdour by logwood, Brazil-wood, and fustic mix- 
ed together. 

Cotton and linen receix^ea cinnamon colour by means 
of weM and madder; apd an olive colour, by being 
passed through a blue, yeWoy^i and 4hen a madder bath. 

Mixtures of black wUh otli€t^<^h\ These? consti- 
tute greysy drabs f and browns, . If cloth iie-previpusly ~ 
combined with brown oxyd of iron, and afterwards dyed 
yelk>w with querciti'on bark, the result will be a drab 
ci different shades, according to the proportion of mor- 
dant employed. When .the proportion is small, the 
colour inclines to olive or yeflow ; on the contrary, tlie 
drab may be deepened or saddened, as the dyers term 
it> by mixing a little sumach with the bark. 



Takkino is the art of converting the raw skins of 
animals into Leather, Skins are the general tenn for the 
shins of calves, seals, hogs, dogs,*" &c. As the meth- 
ods of tanning in general use have been foUx)d tedious 
and expensive in thek operation, various schemes, at 
different times, have been suggested to shorten the 
process and tessen the expense. 

Gg 
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Much light has been thrown by inodem chenusts 
'upto the theory of tanning. M. Seguin, In France, 
has particularly distinguished himself by his researches 
on this subjecti and much improved the art in bia 
country. 

A few years unce W. Lesmond obtained a patent 
for practising Seguin's method in England. He ob« 
tained the tanning principle by digesting oak bark, or 
other proper materials^ m cold water, in an apparatus 
nearly similar to that used in the salqpetre works :-— • 
That is to say, the water which has remained upon the* 
powdered bark a certain time, in one vessel, is drawn 
off by a cock, and poured upon fresh tan — ^this is agaiix 
to be drawn off, and poured upon other fresh tan ; and 
in this way the process is to be continued to the fifth ves- 
sel. The liquor is then highly coloured, and marks 
from ^x to eight degrees upon the hydrometer for 
salts. This he calls the tanning lixivium. The crite- 
rion for ascertsdning its strength, is the quantity of the 
solution of gelatine which a given quantity of it wilF 
precipitate. Ibinglass is used for this purpose, bdng 
intirely composed of gelatine. And here it . may be 
observed, that this is the mode of ascertaining the quan- 
tity of tanning principle in any vegetable substance, and 
consequently how far they may be used as a substitute 
for oak bark. 

The hides, after being prepared in the usual way^ 
are immersed for some hours in a weak tanning lixivi- 
um of only one or two degrees ; to obtain which, the 
latter portions of the infusions are set apart, or else 
some of that which has been partly exhausted by use 
in tanning. The hides are then to be put into a srong- 
cr lixivium, where, in a few days, they will be brought 
to the same degre of saturation with the liquor in which 
they are immersed. The strength of the liquor will 
by this means be considerably mminished, s^nd must 
therefore be renewed. When the hides are by this 
means completely saturated, that is to say, perfectly' 
tanned, they are to be removed, and slowly dried in 
the shade. 

The.length of time necessary to tan leather com- 
pletely, according to the old process, is certainly a vc- 
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rj gi'cat inconvenience ; and there is no doubt but that 
it may be mubh shortened by following the new meth- 
od. It has been found, however, that the leather so 
tanned has not been so durable as that which has been 
formed by a slower process. 

The public is much indebted to Mr. Davy, professor 
of chemistry in the Royal Institution, for the attention 
-which he has psdd to the subject. From his excellent pa- 
per « on the constituent parts of astringent vegetables," 
in the Philosophical Transactions, we present the read- 
er with the following extract. — 

« The different qualities of leather made with the 
same kind of skin, seem to depend very much upon 
the different quantities of extractive matter it contains. 
The leather obtained by means of infusions of galls, 
\s generally found harder, and more liable fo crack, 
than the leather obtained from the infusion of barks ; 
and in all cases it contains a much larger proportion of 
tannin, and a smaller proportion of extractive matter. ' 

" When skin is very slowly tanned in weak solutions 
of the barks, or of catechu, it combines with a consid- 
erable proportion of extractive matter ; and in these 
eases, though the fncrease of weight of the skin is 
comparatively small, yet it is. rendered perfectly inso- 
luble in water, and is found soft, and at the same time 
strong. The saturated astringent infusions of barks 
contain much less extractive matter in proportion to 
the tannin, than the weak infusions ; and when skin 
is quickly tanned in them, common experience shews 
that it produces leather* less durable than the leather 
slowly formed. • 

" Besides, in the case of quick tanning by means of 
Infusions of barks, a quantity of vegetable extractive 
matter is lost to the manufacturer, which might have 
been made to enter into the composition of his leather- 
These observations shew, that there is some foundation 
for the vulgar opinion of workmen, concerning what 
is technically called the^^cKn^ of leather in the slo># 
method of tanning ; and though the processes of the 
art may in some cases be protracted for an unnecessary 
length of time, yet, in general, they appear to have 
Arrived, in consequence of repeated practical experl* 
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m^ts, at a degree o( perfection which cannot be veTf 
far exteifded by means of any elucidations of* the(»y 
that have as yet been known*'* 

It was first suspected by Sir Joseph Banks, and af-^ 
terwards confirmed by the experiments of Professor 
DatT) that a si:rf)stance called catechu or terra Ja/ionica^ 
brought from the East Indies, contained a vast quanti-. 
ty of tapnin ; so much so, that it far excels every otlier^ 
known substance in this respect. One pound of catechu 
contains as much tannin as eight qr ten pounds of com-, 
mon oak bark, and would consequently tan pi^oportion*. 
ately as much more leather. It is an extract made 
iVom the wood of a species of mimosa, by decoctioni 
and subsec^uent evaporation* 

Oak bark being a very expensive article in the pro<Q^ 
cess of tanning, various sujbstances have been proposed 
as substitutes for it. AU the paits of vegetables which, 
are of .an astringent nature, coRftain tannin (which may- 
be known by their giving precipitates with geladne^ 
insoluble in water), and will answer this purpose. The 
leaves, branches, fi*uit, flowers, of a vast number oC 
plants ; every part of the oak, as. the leaves and. acorns,, 
oak saw-dust, and the barks of almpstall trees, ccmtain 
more or less. tannin. 



CURRYmQ. 

CuRRYiNfj is the art of dressing cow-liides, calves^ 
akins, 8cc. The principal object in this process, is te^ 
Ibf^en and supple cow and calfskins, which are usually 
employed in making upper-leathers and quarters of shoes, 
the covers of saddles, coaches, &c. As soon as these^ 
skins are brought from the tanner's yard, the cuniei* 
first soaks them for some time in commoa water, when 
be takes them out, stretches them on a smooth wooden 
horse, scrapes off wi^h a paring^kmfe all the superfluous 
flesh, and immerses them again. They are next put 
on a wet hurdle, and trampled with the heels, till they 
become soft and pliant, when tbey are steeped in traxn<« 
oil, and afterwards spread out on large tables, and thel« 
ends tightly secured- There, by means of a ftummk 
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(an instiiiment consisting of a thick piece of wood, the 
lower side of which is full of furrows, or teeth, cros* 
sing each other), the currier folds, squares, and moves 
the skins in various directions, to render jthem supple. 
This operation is properly called currying ; and, with 
a few immaterial exceptions, is that now generally fol- 
lowed. 

After the skins are thus dressed, they are coloured^ 
black, white, red, green, &c. which process is per- 
formed either on XhitJt^Bh or grain side ; that on the 
former, by skinners, and that on the grain or hair side, 
by curriers : these, when a skin is to be made white^ 
rub it with chalk, or whitehead, and afterwards witli 
pumice-stone. But, when a black colour is ¥ranted> 
the skin must be first oiled and dried, then passed over 
a puff, dipped in water impregnated with iron, when it 
Is inmiersed in another water prepared with soot, vine- 
gar, and gum-arabic. Thus it gradually acquires a 
deep dye> and the operations are repeated till it becomes 
(^ a shining black* The grain and wrinkles, which 
contribute to the pliancy of calves and cows leather, are 
made by the reiterated folds given to the skin in every 
direction, and by the great care taken to scrape off ev- 
ery excrescence and hard place on the grsdn^ or colour* 
side» 

Gg2 
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Free caloric, or heat of tem- I 

perature, 12 

Freezing mixtures, S6 Jasper, 173 
Frankincense, 243 ' Ice, 53 

Frictior., 62 Jellv, 293 

Frost, 63. Jet; 279 



> 






IKDBlb 



Ignis ffttui, 109 
IncoAibustibie bodief» ItfO 
Ink, 304 
Insects, 132 
Integrant parts, 5 
Iridium, & 
Isinglass, 293 
Ivory black, 300 



K 



Kati, 264 



l;ac, 33d 

Lactic acid, 173 

i«akes, colours, 233: 

Latent heat, 51 

JUavender water, 231 

I^ead, 136 

Leaves, 268 

Life, 231 

Ligaments, 306' 

Light, 106 

Lightning, 101 

Lime, 173 

Lime water, 164 

Limestone, 163 

Linseed oil, 236 

Liqueurs, 262 

Liquids, 17 

Lobes, 279 

Lunar, caustic, or nitrat of 

silver, 147 
Lungs, 317 
Lymph, 306 
Lymphatic vessels, 306 

M 

Magnesia, 164 

MsRo acid, 19^ 

Malt, 254 

Manganese, 76 

Manna, 23^ 

Manure, 274 

Marine acid, or muriatic acid, 

^2 
Mastic, 243 
Membrane, ^92 



Mercury, 145 

Metallic oxyds, 14f 

Metals, 6. 129 

Mica, 175 

MiHc, 292. 331 

Mineral acids, 1921 

Molybdena, 6 

Mortar, 175 

Mucilage, 23;^ 

Mucous acid, 192 

Munatic acid, or marine acid, 

^9a 
Muriat of ammonia, 160. 227 
* of soda, or common 

salt, 222 
Muscles of animals, 306 
Musk, 336 
Myrrh,'243. 



N 



Naphtha^ 270 

Nerves, 302 

)feutral, or compoand iaUff» 

152 
Nickel, 6 
Nitre, ,or nitrat of potash, o^ 

salt petre, 200 
Nitric acid, 205 
Nitrogen, or azote, 66 
— — • gas, 66 
Nitro-munatic acid, or aqua 

regia, 225 
l^trous acid gas, 210 
^(itrat of aminonia, 212 
— -— of potash, or nitre, or salt 

petre, 208. 214 
— — — of silver, or lunar caustioj^ 

215 
Nut-galls, 205. 
Nut-oil, 23A 



Q 



Ochres, 132 

Oil of amber, 2ri 

— of vitriol, or sulphuric acid* 

195 
OUve oil, 232 
Osmium, d 
QxaliQ «cid, m 



iJSi9XTL 



Oxydofiron, 136 

. oflead, 1S6 

Osygeiiy 66 
Ozjr-muriatic acid, 323 
Ozy-muriats, 22S 
Ozy-muriat of potash, 22B 



RectiEcation, 961 
Reflection of cakMic, 2S 
Resins, 2S2 
Respiration, 316 
RhoKUum, 6 
Roasting metals, 190 
Rum, 265 



Palladium, 6 
Papin*«dige^er, 295 
Parenchyma, 279 
Pearlash, 154 
Peat, Sf 
Perfumes, 234 
Perspiration, 292 
Peppermint water, 231 > 
Pewter, 144 
Pharmacy, 2 
Phosphat of lifoe, 205 
Phosphorated hydrogen gas, 

109 
Phosphovic acid, 205 
Phosphorous acid, 191 
Phosphorus, 105 
Phosphoret of liree, 110 

of sulphur, 110 

Pitch, 232 

Platina, 136 

Plating, 145 

Phimiila, 280 

Porcelain; 176 

Potash, 151 

Prussiat of iron, or prussian 

blue, 194 
Prussic acid, 193 
Putrid fermentation, 336 
Pyrites, 204 
Pyrometer, 15 



Quicklime, 175 
i^iescent forces, 186 

R 

Radiation of caloric, 22 
Radical, 152 
Radicle, or root, 280 
Rain, 39 



Saccharine fermentation, 260 
Sal ammoniac, or stLl|£«tof 

ammonia, 160 
— polychrest, or sulphat of 

poUah, 201 
-^ volatile, or carbonit of «]&• 

monia, 162 
Saltpetre, or nitre, or iuir«t of 

potash, 159 
Salt, 212 
Sap of plants, 232 
Sapphire, 163 
Saturation, 38 
Sebacicacid, 193 
Secretions, 307 
Seltzer water, 122 
Silex, or silica, 164 
Silk, 336 
Simple bodies, 5 
Size, 308 
Skin. 292 

Smelting metals, 13d 
Smoke, 80 
Soap, 154 
Soda, 151. 159 
— — water, 122 
Soils, 175 » 

Soldering, 145 
Simple solution, 141 
Specific heat, 48. 13 
Spermaceti, 335 
Spirits, 266 
Steam, 39 
Steel, 130 
Stucco, 176 
Strontites. 165. 178 
Suberic acid, 192 
Sublimation, 99 
Succin, or yellow amber, 270 
Succinic acid, 192 
Sugar, 232 



3{»Bi?:?. 



of milk, 334 



( Sulphats, 201 

Super-oxygenated sulphuric 
acid^ 195 

Sulplui of aluioliie, or aiuiu. 

202 
Sulphftt of barytes, 163 

 of iron, 152 

" of lime> OP gypsum, or 

plaster of Paris, 203 
■" of magnesia, or Epsom 

salt, \77 

 of potash, OP sal poly- 
chrest, 201 

of sodo, OP Glauber's 



Tungsten, 6 



Vapour, ^*t 
Varnishes, 195 
Yegetabl6s, 232 
Vegeuble acids, 232 
 colours, 223 

heat, 195 

— oils, 332 

Veins, 316 

Verdigris, 149 

Vinous fermentation, 256 



salts, ire, 186 
Sulphur, 98 

Sulphurated hydrogen gas, 109 
Sulphurous acid, 103 
Sulphuric acid, 103 
Sympathetic ink, 149 
Synthesis, 114 



Tan, 246 

Tannin, 232 

Tap, 232 

Tartarous acid, 192 

Tartrit of potash, 254 

Teeth, 293 

TeUurium, 6 

TheimometQrs, 17 

Thunder, 98 

Tin, 145 

Titanium, 6 

Turf, 2Z1 

Turpentine, 232 

Transpiration of plants, 291 



Vital air, or oxygen gas, 77 
Vitriol, or sulphatofiron, 152 



U 

Undecompounded acid^ 1»0 
Uranium, 6 



W 



VTater, 86 
Wax, ^S 
Whey, 334 
Wine, 259 



Yeast, 338 
Yttria, 164 



Zinc, 136 
Zircotua, 164 
Zwmicacid, 193 
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BOOKS, 

FOR SALE BY IM^REASE C00m&H:r CO, 



TouTcrOy*s Elements of Chetnistry) 5 vols. 8to. 

Lagrange*s Manual of a course of chemisty, 2 vols. 8va 

Nicholson's first Principles of Chemistry, 1 vol. 8to. 

Lavoiaei-^s Elements of Chemistry, 1 vol. 8vo» 

Chaptals*, do. ivith Notes. 3^ vols. 8va 

Ewell's Discourses on Chemistry, 1 vol. 8?o. 

Black's Lectures on Chemistry, 3 vol. 8vo. 

Henry's Epitome of Chemistry, enlarged, 
4th edition, with notes, Sec. 1 yoL* 8vD. 

Green's Principles of Modem Chemistry, S vols. 8to* 

Joimson's Animal Chemistry, 3 vols. 8va 

Snulie's Philosophy of Natural History, 1 vol. 8ro. 

Euler's letters on Physics and Phylosophy) 2 vol9« 8vo. 

Websters's Elements of Natural Philoso- 
phy, with notes and corrections by Ro-> 
bert Patterson. I vol. Svo. 

Rumford's Philosophical Essays, 3 vols. 8vo% 

do. PMlosophical Papers, J vol. 8vo. 

ImisoD's Elements of Science and Alt, 2 vols. 8vo. 

Gregory's Economy of Nature, 3 vote* 8vo. 

Ferguson's Astronomy, ' l vol. 8vo. 

Bonnyeastle's do. 1 vol. 8vo» 

Bryan's, do. 1 vd. 8va 

Cavallo's Electricity) 3 vols. 8vo. 

Adam's, do. ' 1 vol. 8vo. 

Adams' Lectnres on Philosophy, with 
notes, by William Jones. 5 v<^. 8vo» 

with plates* 

Ferguson's Lectures on Philosophy, with 
notes, and an appendix by David Brew- 
ster, 2 vols, 8vO^ 
with an elegant quarto volume of plat es. 

Tub variety qf JSooka and Stationary Jor Sale by L 
COO££y ^ Co, like the works qf nature at thiM bhonnng 
•caton of the year, amount* almost to itifimty, ' 
Mdtf 1809. 
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